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DEPARTMENT  OF  HEALTH, 
EDUCATION,  AND  WELFARE 
Food  and  Drug  Administration 
[  21  CFR  Part  328  ] 

IN  VITRO  DIAGNOSTIC  PRODUCTS  FOR 
HUMAN  USE 

Proposed  Establishment  of  Product  Class 

Standard  for  Detection  or  Measurement 

of  Glucose 

In  the  Federal  Register  of  May  23, 
1973  <38  FR  13573),  in  accordance  with 
procedures  established  for  the  develop¬ 
ment  of  product  class  standards  for  in 
vitro  diagnostic  products  (§  167.3,  redes¬ 
ignated  as  §  328.30  (21  CFR  328.30)  pur¬ 
suant  to  recodification  March  29,  1974 
(39  FR  11680)),  the  Commissioner  of 
Food  and  Drugs  published  a  notice  re¬ 
questing  data  and  information  to  estab¬ 
lish  a  product  class  standard  for  the  de¬ 
tection  or  measurement  of  glucose  or 
total  sugars.  The  notice  described  the 
basis  on  which  the  Commissioner  was 
considering  the  need  for  such  a  product 
class  standard  and  provided  an  oppor¬ 
tunity  to  all  interested  persons  to  com¬ 
ment  on  the  need  for  such  a  standard. 
The  Commissioner’s  concern  was  based 
on  reported  deficiencies  in  product  per¬ 
formance,  the  serious  consequences  of  in¬ 
accurate  glucose  measurements  and  the 
rapid  growth  of  products  which  were  of 
questionable  or  unproven  reliability. 

In  response  to  the  notice,  a  total  of  39 
submissions  of  data  or  information  cov¬ 
ering  51  marketed  products  was  received. 
The  submissions  came  from  23  organiza¬ 
tions  marketing  products  for  the  detec¬ 
tion  or  measurement  of  glucose  and  from 
one  individual.  The  products  described 
covered  both  qualitative,  semiquantita- 
tive  and  quantitative  products  and  were 
based  on  most  of  the  currently  used 
methodologies  for  the  detection  or  meas¬ 
urement  of  glucose. 

All  such  submissions  will  be  made 
available  to  the  public  at  the  office  of  the 
Hearing  Clerk,  Food  and  Drug  Adminis¬ 
tration,  Rm.  6-86,  5600  Fishers  Lane, 
Rockville,  MD  20852,  July  29,  1974,  ex¬ 
cept  for  information  which,  as  proAdded 
in  S  328.4  (21  CFR  328.4)  of  the  regula¬ 
tions,  is  demonstrated  to  constitute  a 
trade  secret. 

No  comments  were  received  regarding 
the  Commissioner’s  initial  determination 
of  the  need  for  a  standard,  the  lack  of 
any  adverse  effect  of  a  standard  upon 
the  utility,  cost,  or  availability  of  such 
pr(xlucts,  and  the  lack  of  any  disruption 
of  supply  or  manufacturing  and  commer¬ 
cial  practices. 

Therefore,  the  Commissioner  con¬ 
cludes  that  the  development  of  this  prod¬ 
uct  class  standard  will  have  no  adverse 
effect  on  any  of  these  factors. 

The  information  received  revealed 
basic  deficiencies  in  individual  products 
and  problems  in  those  products  which 
indicate  the  need  for  a  uniform  basis  for 
evaluating  such  products  as  well  as  for 
describing  performance. 

For  example,  while  several  products 
claim  identical  or  similar  performance, 
the  development  of  those  clainrs  was 
based  on  very  limited  data  or  on  ncmuni- 
form  or  inappropriate  methods  of  evalu¬ 


ation.  The  deficiencies  observed  include 
the  selection  of  inappropriate  basic 
methodologies,  reference  materials  and 
evaluation  protocols.  In  general,  per¬ 
formance  claims  for  accuracy,  precision 
and  stability  were  not  supported  by  data 
from  adequately  designed  studies.  Most 
of  the  submissions  provided  inadequate 
supporting  data  for  stability  claims  and, 
generally,  lacked  labeling  information 
which  would  allow  the  user  to  determine 
the  suitability  of  the  product  for  use. 

The  submissions  reflected  an  incon¬ 
sistent  interpretation  of  the  identifica¬ 
tion  and  significance  of  the  effect  of  in¬ 
terfering  substances,  even  among  prod¬ 
ucts  based  on  the  same  methodology. 

The  Food  and  Drug  Administration, 
with  the  cooperation  and  assistance  of 
its  Diagnostic  Products  Advisory  Com¬ 
mittee,  and  the  Center  for  Disease  Con¬ 
trol  (CDC),  has  reviewed  and  considered 
the  information  submitted. 

The  Commissioner  concludes  that  (1) 
the  performance  and  use  information 
provided  in  the  labeling  of  many  of  the 
products  is  not  adequate  to  provide  to 
the  user  the  information  necessary  to 
judge  the  usefulness  of  these  products 
or  to  allow  reliance  on  the  results  ob¬ 
tained  by  use  of  the  products,  and  (2) 
the  information  and  data  submitted  in 
support  of  many  of  the  products  is  not 
adequate  to  support  the  product  per¬ 
formance  claims.  Many  of  the  inade¬ 
quacies  relating  to  instructions  for  use 
and  interpretation  of  results  will  be  cor¬ 
rected  by  labeling  revisions  proposed  for 
some  of  these  products.  Such  labeling 
revisions  will  not  solve  the  basic  problem 
of  the  deficiency  in  the  quality  of  data 
which  must  support  product  performance 
claims  and  therefore  the  actual  descrip¬ 
tion  of  product  performance. 

The  Commissioner  recognizes  that  the 
measurement  of  glucose  in  specimens 
taken  from  the  human  body  may  be  ac¬ 
complished  in  a  number  of  acceptable 
ways.  The  Commissioner  concludes  that 
all  such  products  must  provide  the  same 
kind  and  quality  of  information  to  the 
user,  i.e.,  a  reliable  estimate  of  the 
amount  of  glucose  in  the  specimen. 

Therefore,  the  Commissioner  proposes 
to  establish  a  product  class  standard  for 
products  Intended  for  the  measurement 
or  detection  of  glucose. 

Two  subclasses  of  products  are  iden¬ 
tified  for  purposes  of  the  development 
of  this  proposed  product  class  standard. 
Those  products  intended  to  provide  an 
estimate  of.  the  exact  concentration  of 
glucose  in  the  specimen  are  included  in 
§  328.100(a),  Quantitative  glucose  deter¬ 
minations.  Those  products  intended  for 
the  estimation  of  glucose  by  less  exact 
means,  either  because  of  the  manner  of 
final  measm-ement  or  because  of  the 
reaction  process  used,  are  included  in 
S  328.100(b),  Qualitative  glucose  deter¬ 
minations. 

The  requirements  for  accuracy  and 
precision  for  the  qualitative  products  are 
less  exacting  than  those  for  the  quan¬ 
titative  products.  The  manufacturer  of 
a  qualitative  product,  in  addition  to 
meeting  the  minimal  requirements,  may 
make  additional  claims  for  the  product 


as  long  as  such  claims  are  adequately 
supported  by  valid  data.  Such  factors  as 
methodology  to  be  used,  composition  of 
reagents,  or  types  and  quality  of  instru¬ 
ments,  are  not  specified  in  this  standard. 
It  is  sufficient  that  this  information  be 
provided  to  the  user  in  the  labeling  of  the 
product  as  required  in  §  328.10(a)  and 
(b)  (21  CFR  328.10(a)  and  (b)). 

The  product  class  standard  requires 
that  any  such  products,  to  be  legally  mar¬ 
keted,  must  demonstrate  certain  quali¬ 
ties  of  accuracy  and  precision  as  de¬ 
scribed  in  the  standard.  Clinical  useful¬ 
ness  was  the  guiding  principle  in  the  es¬ 
tablishment  of  the  limits  of  bias,  preci¬ 
sion  and  interferences  (performance 
standard  parameters) .  Two  kinds  of 
variation  were  considered:  individual 
biological  variation  and  variation  among 
groups  (e.g.,  geographic  distribution, 
bedridden  v.  ambulatory).  In  addition 
to  the  data  and  Information  submitted 
in  response  to  the  request  for  informa¬ 
tion  and  comment  of  May  23,  1973,  the 
recommendations  of  CDC,  the  Diagnos¬ 
tic  Products  Advisory  Committee  and 
the  following  investigators  in  this  area 
have  been  considered  in  the  establish¬ 
ment  of  the  performance  limits  incor¬ 
porated  into  this  standard: 

1.  Barnett,  Boy  N.,  M.D.,  “Reagent  Kits,’’ 
in  Progress  in  Clinical  Pathology,  Vol.  4,  Ch. 
4,  pp.  181-198,  Grune  and  Stratton,  New 
York,  1972. 

2.  Barnett,  Roy  N.,  M.D.,  and  Ann  D.  Cash, 
MT  (ASCP),  “Performance  of  ‘Kits’  Used  for 
Clinical  Chemical  Analysis  of  Glucose,’’  The 
American  Journal  of  Clinical  Pathology,  52, 
No.  4:467-465, 1969. 

3.  Barnett,  Roy  N.,  M.D.,  “A  Scheme  for 
the  Comparison  of  Quantative  Methods,’’ 
The  American  Journal  of  Clinical  Pathology, 
43,  No.  6:562-560, 1965. 

4.  Barnett,  Roy  N.,  M.D.,  “Medical  Signifi¬ 
cance  of  Laboratory  Results,’’  The  American 
Journal  of  Clinical  Pathology,  60,  No.  6:671- 
676, 1968. 

6.  Cotlove,  Ernest,  Eugene  K.  Harris,  and 
George  A.  Williams,  “Biological  and  Analytic 
Components  of  Variation  in  Long-Term 
Studies  of  Serum  Constituents  in  Normal 
Subjects,  in.  Physiological  and  Medical  Im¬ 
plications’*,  Clinical  Chemistry,  16,  No.  12: 
1028-1032, 1970. 

6.  Harris,  Eugene  K.,  Paul  Kanofsky,  George 
Shakarjl,  and  Ernest  Cotlove,  “Biological  and 
Analytic  Components  of  Variation  in  Long- 
Term  Studies  of  Serum  Constituents  in  Nor¬ 
mal  Subjects,  n.  Estimating  Biological  Com¬ 
ponents  of  Variation,’’  Clinical  Chemistry, 
16,  No.  12:1022-1027,  1970. 

7.  Harris,  Eugene  K.,  and  David  L.  DeMets, 
“Biological  and  Analytic  Components  of  Vari¬ 
ation  in  Long-Term  Studies  of  Serum  Con¬ 
stituents  in  Normal  Subjects,  V.  Estimated 
Biological  Variations  in  Ionized  Calcium,’’ 
Clinical  Chemistry,  17,  No.  10:983-987,  1971. 

8.  Wiliams,  George  Z.,  D.S.  Young,  Mervln 
R.  Stein,  and  Ernest  Cotlove,  “Biological  and 
Analytic  Components  of  Variation  in  Long- 
Term  Studies  of  Serum  Constituents  in  Nor¬ 
mal  Subjects,  I.  Objectives,  Subject  Selection, 
Laboratory  Procedures,  and  Estimation  of 
Analytic  Deviation,’’  Clinical  Chemistry,  16, 
No.  12:1016-1021, 1970. 

9.  Young,  D.  8.,  Eugene  K.  Harris,  and  Er¬ 
nest  Cotlove,  “Biological  and  Analytic  Com¬ 
ponents  of  Variation  in  Long-Term  Studies  of 
Serum  Constituents  in  Normal  Subjects,  IV. 
Results  of  a  Study  Designed  to  Eliminate 
Long-Term  Analytic  Deviations,’’  Clinical 
Chemistry,  17,  No.  6:403-410, 1971. 


FEDERAL  REGISTER,  VOL  39,  NO.  126 — FRIDAY,  JUNE  28,  1974 


PROPOSED  RULES 


24137 


Specifications  of  accuracy  and  precision 
are  intended  to  give  the  user  assurance 
of  the  quality  of  results  he  may  obtain 
on  patient  specimens,  using  the  product 
at  any  time  during  its  specified  useful 
life.  For  the  pmpose  of  this  standard, 
the  term  “accuracy”  corresponds  to  the 
meaning  of  the  term  “bias”  or  "system¬ 
atic  error.”  “Bias”  is  the  mean  differ¬ 
ence  (positive  or  negative)  between  val¬ 
ues  obtained  with  the  product  and  values 
established  by  the  reference  method,  and 
is  expressed  In  concentration  imits  or 
as  a  percentage  (relative  bias) .  Another 
measure  of  performance  quality  is  spec¬ 
ified,  namely  “precision,”  and  refers  to 
the  degree  of  agreement  of  repeated 
measurements  of  the  glucose  content  of 
the  same  material.  A  third  factor  in 
performance,  “specificity,’^  is  partly  pro¬ 
vided  by  the  requirement  for  a  specified 
degree  of  acciuracy,  and  partly  by  the 
general  labeling  requirements  for  a 
statement  concerning  Interfering  sub¬ 
stances. 

There  is  no  generally  recognized,  es¬ 
tablished  reference  method  available  for 
the  measurement  of  glucose.  There  are 
several  methods  considered  to  be  of  high 
reliability.  Three  methodologies  are  pro¬ 
posed  as  reference  methods,  each  of 
which  has  certain  advantages  and  dis¬ 
advantages.  Two  of  these  (ortho-tolui- 
dine  and  glucose  oxidase)  have  the  ad¬ 
vantage  of  having  been  used  by  labora¬ 
tory  scientists  for  a  substantial  period 
of  time  and  therefore  have  reasonably 
well  known  characteristics.  A  third  meth¬ 
od  (hexokinase)  is  ciurently  being 
studied  for  its  suitability  as  a  reference 
method  at  the  CDC  through  a  joint  effort 
with  the  American  Association  of  Clini¬ 
cal  Chemists.  Because  evaluation,  field 
testing,  and  review  of  the  suitability  of 
these  as  reference  methodologies  have 
not  been  completed,  this  proposal  con¬ 
tains  procedures  based  on  these  three 
methodologies.' 

Within  the  limits  of  their  precision 
capability  they  are  consistent  and  dem> 
onstrate  no  between-method  bias,  al¬ 
though  occasional  discrepancies  may  be 
observed  in  a  few  pathologic  specimens. 
All  three  methods  employ  deprotein- 
ized  filtrates,  partly  to  minimize  sporadic 
Interference  in  some  specimens  and 
partly  to  abolish  differences  between 
methods  arising  from  the  slight  protein- 
volmne  effect  in  these  dilute  filtrates. 

At  some  time  in  the  future,  possibly 
by  the  time  of  publication  of  the  final 
order  of  this  proposed  product  class 
standard,  one  or  more  of  these  methods 
may  be  designated  as  the  sole  reference 
method  for  this  determination. 

A  detailed  protocol  for  the  evaluation 
of  product  performance  is  currently  be¬ 
ing  developed.  The  protocol  will  Include 
such  things  as  detailed  guidelines  for 
(1)  testing  procedures,  (2)  statistical 
evaluation  of  results,  and  (3)  criteria 
for  decisionmaking.  This  document  will 
be  made  available  as  soon  as  possible, 
but  no  later  than  at  the  time  of  publi¬ 
cation  of  a  final  order  of  this  product 
class  standard. 

Any  expiration  date  or  other  repre¬ 
sentation  of  product  stability  is  »  rep¬ 


resentation  that  the  product  meets  the 
requirements  of  this  product  class  stand¬ 
ard  at  any  time  during  the  period  rep¬ 
resented  by  the  manufacturer.  Failure  of 
the  product  labeling  to  bear  an  expira¬ 
tion  date  or  other  representation  of 
product  stability  is  a  violation  of  the 
requirement  in  §  328.10(a)  (6)  that  such 
Information  must  appear  on  the  product 
label. 

The  components  of  any  system  for 
measuring  glucose  in  specimens  taken 
from  the  human  body  may  be  broadly 
described  as  (1)  calibrator,  (2)  reagents, 
(3)  processing  equipment,  (4)  detector 
instrument,  and  (5)  analyst.  No  attempt 
has  been  made  to  identify  the  relative 
contributions  of  these  components  to 
the  total  error  in  the  result  obtained. 
A  manufacturer  providing  a  total  sys¬ 
tem  must  assure  that  the  error  contrib¬ 
uted  by  each  component  which  he 
supplies  is  controlled  so  that  the  total 
system  meets  the  requirements  of  this 
standard.  Manufacturers  providing  only 
parts  of  a  system  must  assure  that  the 
components  they  provide,  when  used 
with  other  designated  components,  and 
when  used  as  directed  in  the  product 
labeling,  will  yield  results  which  meet  the 
requirements  of  the  standard. 

Evaluations  of  products  to  assure  that 
they  meet  a  performance  standard  in¬ 
volves  the  development  of  sampling  pro¬ 
tocols,  statistical  design  and  Judgments 
and  laboratory  quality  control.  The  man¬ 
ufacturer  must  have  data  to  assure  that 
the  methodology  on  which  the  product  is 
based  is  suitable.  He  must  then  develop 
and  use  adequate  manufactiuhig  quality 
control  procedures  to  assure  that  errors 
contributed  by  individual  components 
are  Identified  and  controlled  so  that  the 
product  performance  meets  the  require¬ 
ments  of  the  product  class  standard. 

It  is  proposed  by  the  Commissioner 
that  all  glucose  determination  products 
that  are  subject  to  the  product  class 
standard  set  forth  below  and  that  are 
initially  introduced  into  interstate  com¬ 
merce  beginning  one  year  following  pub¬ 
lication  of  the  final  order  in  the  Federal 
Register  in  response  to  this  proposal 
shall  meet  such  product  class  standard 
requirements. 

Therefore,  pursuant  to  the  provisions 
of  the  Federal  Food,  Drug,  and  Cosmetic 
Act  (secs.  201,  501,  502,  505,  508,  510,  701, 
52  Stat.  1040-1042  as  amended,  1049- 
1053  as  amended,  1055-1056  as  amended, 
76  Stat.  789,  794  as  amended;  21  U.S.C. 
321,  351,  352,  355,  358,  360,  371)  and  the 
Public  Health  Service  Act  (sec.  351,  58 
Stat.  702  as  amended;  42  U.S.C.  262)  and 
under  the  authority  delegated  to  him 
(21  CTFB  2.120)  the  Commissioner  pro¬ 
poses  that  21  CFR  Part  328  be  amended 
by  adding  a  new  Subpart  E,  to  consist  at 
this  time  of  the  following: 

Subpart  E — Product  Class  Standards 
Olucose  Determinations 

Sec. 

328.100  Quantitative  glucose  determina¬ 

tions. 

328.101  Qualitative  glucose  determinations. 

328.102  Reference  methods  for  glucose 

determinations. 


Authoritt:  Secs.  201,  601,  502,  506,  608, 
510,  701,  62  Stat.  1040-1042  as  amended,  1049- 
1063  as  amended,  1066-1066  as  amended,  76 
Stat.  789,  794  as  amended;  (21  n.S.C.  321, 
361,  352,  366,  368,  360,  371);  and  sec.  351,  58 
Stat.  702  as  amended;  (42  UJS.C.  262.) . 

Subpart  E — Product  Class  Standards 

Glucose  Determinations 

§  328.100  Quantitative  glucose  deter¬ 
minations. 

This  product  class  standard  establishes 
criteria  for  the  performance  of  products 
intended  for  use  in  the  measurement  of 
the  exact  concentration  of  glucose  in 
specimens  taken  from  the  human  body. 
Such  products  include  calibrators,  con¬ 
trols,  reagents.  Instruments,  systems  and 
components,  parts  or  accessories  in¬ 
tended  for  use  with  such  products. 

(a)  Labeling.  The  general  labeling  re¬ 
quirements  of  S  328.10  (a)  and  (b)  apply 
to  all  products  included  in  this  section. 
The  following  specific  labeling  require¬ 
ments  also  apply  as  indicated: 

(1)  The  statement  required  by 
§§  328.10(a)  (2)  and  328.10(b)(2)  shaU 
be  as  follows: 

(1)  For  a  system,  a  statement  such  as 
“For  use  in  the  quantitative  determina¬ 
tion  of  glucose”.  If  the  product  is  limited 
to  use  with  specified  specimen  types  such 
as  urine,  serum,  etc.,  this  must  be  stated, 
e.g.,  “For  use  in  the  quantitative  deter¬ 
mination  of  glucose  in  urine”. 

(ii)  For  a  calibrator  Intended  to  be 
used  in  the  calibration  of  a  particular 
system  or  method,  a  statement  such  as 
“For  the  calibration  of  ABC  glucose  kit”. 
If  the  calibrator  is  not  Intended  for,  or 
is  not  limited  to,  use  with  a  particular 
system  or  method,  a  statement  such  as 
“For  the  calibration  of  quantitative 
glucose  methodology”. 

(iii)  For  a  control  material  Intended 
for  use  as  such  in  the  quantitative  de¬ 
termination  of  glucose  in  a  particular 
specimen  type  (e.g.,  urine,  serum),  a 
statement  such  as  “For  use  as  a  control 
in  the  quantitative  determination  of 
glucose  in  urine”. 

(iv)  For  a  reagent  intended  for  use  in 
the  quantitative  determination  of  glu¬ 
cose  as  part  of  a  particular  method  or 
system,  a  statement  such  as  “Reagent 
for  use  in  the  quantitative  determina¬ 
tion  of  glucose  by  the  XYZ  system”. 

(v)  For  Instruments  Intended  for  use 
in  the  quantitative  determination  of  glu¬ 
cose,  a  statement  such  as  “For  use  in  the 
quantitative  determination  of  glucose”. 

(2)  In  addition  to  the  statement  of 
interfering  substances  required  by  §  328.- 
10(b)  (10),  a  precise  statement  refiecting 
the  effect  or  noneffect  of  the  presence  of 
those  materials  listed  in  paragraph  (c) 
(2)  of  this  section  shall  be  included.  If 
the  effect  of  any  of  these  materials  at 
concentration  levels  obtained  in  normal 
or  pathological  conditions,  drug  therapy, 
drug  toxicity  or  by  addition  to  collected 
specimens  for  preservative  or  similar 
purposes  will  cause  the  product  to  fail 
to  meet  the  requirements  for  bias  listed 
in  paragraph  (c)  (1)  of  this  section,  in¬ 
structions  shall  be  provided  to  assist  the 
user  in  identifying  the  presence  of  these 
materials  in  such  specimens.  If  the  effect 
can  be  eliminated  by  appropriate  treat-^ 
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ment  of  the  specimen  or  during  the 
analytical  process.  Instructions  shall  be 
provided  to  do  so. 

(3)  If  the  effects  of  known  Interfering 
substances  cannot  be  corrected  by  ap¬ 
propriate  treatment  of  the  specimen  or 
during  the  analytical  process,  the  label 
and  labeling  ihall  describe  the  product 
as  unsuitable  for  use  with  specimens 
containing  such  substances  pursuant  to 
IS  328.10(a)  (2)  and  328.10(b)  (10). 

(4)  The  statement  required  by  S  328.10 

(b)(12)  shall  Include  a  positive  state¬ 
ment  that  the  product  meets  or  exceeds 
the  requirements  of  this  standard. 

(b)  Calibrator  requirements.  A  mate¬ 
rial  (calibrator)  Intended  for  use  as  the 
basis  of  reference  for  the  measurement 
of  glucose  concentration  In  specimens 
taken  from  the  hiunan  body  shall  meet 
the  following  requirements. 

(1)  It  shall  be  subject  to  the  product 
class  standard  for  calibrators. 

(2)  It  shall  meet  one  of  the  following 
requirements: 

(1)  Pure  D-glucose  shall  be  not  less 
than  99.5  percent  D-glucose,  or  meet  the 
following  requirements  for  D-glucose 
anhydrous: 

(a)  Specific  rotation  [aln  not  less 
than  +52.5*  nor  more  than  +53.0*. 

(b)  Insoluble  matter,  not  more  than 
0.005  percent. 

(c)  Loss  on  drying  at  105*  C,  not  more 
than  0.20  percent. 

(d)  Residue  after  Ignition,  not  more 
than  0.020  percent 

(«)  Acidity  (as  CILCXXIH) ,  not  more 
than  0.015  percent. 

(/)  cauoride  (Cl) ,  not  more  than  0.010 
percent. 

ig)  Sulfate  and  sulfite  (as  SO<),  nor 
more  than  0.005  percent 

ih)  Starch.  Dissolve  one  gram  In  10 
milliliters  of  water  and  add  0.05  mlUlllter 
0.1//  Iodine  solution.  No  blue  color  should 
appear. 

«)  Arsenic  (As),  not  more  than 
0.00004  percent. 

(f)  Heavy  metals  (as  Pb),  not  more 
than  0.0005  percent. 

(k)  Iron  (Fe),  not  more  than  0.0005 
percent. 

(11)  For  pmc  D-glucose  in  cmnpletely 
defined  solvent  (e.g.,  D-glucose  In  dis¬ 
tilled  water  [dus  benzoic  acid) ,  the  glu¬ 
cose  concentration  (weight/volume  (w/ 
v) )  shall  be  within  ±0.2  percent  of  the 
labeled  concentration. 

(ill)  For  D-glucose  In  an  undefined 
solvent  matrix  (e.g.,  in  human  or  animal 
serum  or  urine,  or  synthetic  materials) , 
the  glucose  concentration  shall  be  within 
±1.0  percent  of  the  declared  value. 

(Iv)  A  calibrator  which  Is  not  or  does 
not  contain  glucose  (such  as  color  charts 
or  solutions)  must  provide  values  trace¬ 
able  to  values  obtained  by  the  use  of  a 
calibrator  containing  glucose.  Any  such 
secondary  calibrator  shall  be  assigned  a 
numerical  equivalent,  which  shall  be  as¬ 
sured  to  be  within  1  percent  of  the  de¬ 
clared  value. 

(c)  Bias  and  standard  deviation.  (1) 
The  product  shall  measure  the  glucose 
content  with  a  bias  and  standard  devia¬ 
tion  of  no  more  than  that  designated 


In  Table  I  of  this  paragnqjh  within  the  or  method  meets  these  requirements  and 
concentration  range  for  the  specimen,  that  the  Individual  components  will  not 
The  marketing  of  cmnponents  as  suitaUe  eause  results  which  deviate  frmn  the  re¬ 
fer  use  in  any  system  or  method  con-  qulrements  of  this  product  class  stand- 
stitutes  a  representation  that  the  syst«n  ard. 

Tabu  1 


Coneentr»ti(m  of  KhKOM  In  Unzimiim  standard  darlatlon  *  Maalmam  t4aa  < 

specimen  > 


0  to  ISO  mg/dl  (8.88  mM/I)  « _ -  S  mg/dl  (0.28  mM/I) _ ias  mg/dl  (0.28 

ISO  mg/dl  (8.38  mM/1)  to  800  mg/dl  i  mg/dl  (0.28  mM/l) _ ..  *io  mg/dl  ((UM  m/I). 

(ie.«6  mM/1). 

More  than  300  mg/dl  (10.05  mM/I)..;;;::  10  mg/dl  (0.50  mM/l) _ ^80  mg/dl  (1.00  mM/I)j 


I  As  measured  by  the  reference  method. 

>  Standard  deviation  is  the  square  root  ot  the  variance.  Variance  la  the  mean  of  squared  dlflerencea  between  each 
single  result  and  the  mean  of  all  remits. 

*  Bias  Is  the  mean  diflerenoe  between  vahiee  obtained  with  the  product  and  vahies  established  by  the  reference 
method.  Mean  refers  to  the  average  that  could  be  obtained  if  unlimited  testing  was  done. 

*  Millimoles  per  liter. 

(2)  The  effect  of  each  of  the  substances  listed  in  Table  n  of  this  paragraph  shall 
be  determined.  Such  determinations  shall  also  be  made  for  any  other  substance  or 
patient  condition  which  has  been  shown  to  influoice  the  test  results.  The  effects  of 
such  substances  shall  be  declared  only  when  such  effects  might  occur  at  concentra¬ 
tions  likely  to  be  reached  in  normal  or  pathologic  conditions,  drug  therapy,  drug 
toxicity  or  by  addition  to  collected  specimens. 

Tabu  n 


Endogenous  subotanoM  Exogmoas  substaacM  AntteoagnlaiiU  and  pMotrvativM 


Fructose . r— _ L-dopa..— Hopartn: 

UalactoM . . . .  Batteylates  (detivaUvoa  and  matabo-  BthyfenediamlnetetraaceUe  add 

Utes).  (EDTA); 


Mannose . ...r— 

.  .......  .  Yyfetf  . -  -  ThyTMl. 

-  ...  -*  Radiopaque  sabatanoes..  -  Cltiate. 

Creatinine _ .... 

BlBrabin _  ... 

CjFirtrtne _ _ _ 

HemocloUn _ 

- 

DihymmypbimylalmiliM  (dopa) 
Lip^ _ _ _ 


(3)  Unknown  or  un^ieclfied  Interfer¬ 
ing  substances  in  native  specimens  shall 
be  such  that  no  less  than  90  percent  of 
the  individual  differences  between  results 
obtained  on  the  same  specimens  by  use 
of  the  product  and  by  use  of  the  i^er- 
ence  method  fall  within: 

(i)  ±10  mg/dl  (0.56  millimoles  per 
liter  (mM/1)  if  the  reference  value  is 
0  to  150  mg/dl  (0  to  8.33  mM/1). 

(il)  ±20  mg/dl  (1.12  mM/1)  If  the 
reference  value  is  150  to  300  mg/dl  (8.33 
to  16.65  xnM/l). 

(iii)  ±40  mg/dl  (2.24  mM/1)  If  the 
reference  value  is  greater  than  300  mg/ 
dl  (16.65  mM/1). 

(d)  Test  procedures  and  requirements. 
The  following  test  procedures  and  re¬ 
quirements  shall  apply. 

(1)  All  products  shall  be  tested  using 
the  product  as  it  is  marketed.  Materials 
not  furnished  as  a  part  of  the  product 
but  indicated  in  the  labeling  as  necessary 
for  proper  use  of  the  product  shall  be 
used  in  evaluation  of  the  product.  Any 
such  materials  which  meet  the  specifi¬ 
cations  of  the  manufacturer  may  be  se¬ 
lected.  If  the  labeling  indicates  that  al¬ 
ternative  materials  are  considered  ac¬ 
ceptable,  any  such  materials  may  be  se¬ 
lected  for  product  testing  purposes.  Test¬ 
ing  for  compliance  may  include  testing 
with  any  specimen  type  claimed.  Any 
product  which  fails  to  conform  to  the 
performance  requirements  established  in 
paragraph  (c)  of  this  section  is  not  in 
(XMnpliance  with  this  standard. 


(2)  Testing  for  compliance  may  be 
done  at  any  time  during  the  life  expect¬ 
ancy  of  the  product.  The  product  shall 
be  handled  as  stated  In  the  labeling  in¬ 
structions  for  storage,  reconstitution, 
mixing  and  stability;  e.g.,  if  the  labeling 
states  that  a  reagent  product  stored  at 
room  temperature  is  stable  for  one  year, 
and  after  reconstitution  and  dilution  is 
stable  for  one  month  when  stored  in  a 
refrigerator,  testing  for  compliance  shall 
be  done  in  accordance  with  the  stated 
conditions  and  within  that  period  of 
time;  and  if  the  manufacturer  indicates 
a  ne^  for  instrument  calibration  once  a 
year,  no  calibration  will  be  done  at  less 
than  that  interval  for  the  purpose  of 
product  evaluation.  An  expiration  date  or 
representation  of  the  period  of  product 
stability  constitutes  a  representation  that 
the  product  meets  the  requirements  of 
the  standard  at  any  time  during  the  pe¬ 
riod  represented.  If  there  is  no  expira¬ 
tion  date  or  representation  of  the  period 
of  product  stability  the  product  will  be 
deemed  to  be  in  violation  of  the  require¬ 
ment  in  I  328.10(a)  (6)  that  such  infor¬ 
mation  appear  on  the  product  label. 

(3)  To  evaluate  the  precision  and  bias 
of  results  which  may  be  obtained  by  use 
of  a  product,  specimens  shall  usually  be 
selected  which  have  glucose  concentra¬ 
tions  at  or  near  the  midpoint  of  those 
concentration  ranges  listed  in  paragraph 

(c)(1)  of  this  seeti<m,  except  that  the 
maximum  concentration  shall  not  ex¬ 
ceed  the  level  which  is  represented  as 
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the  maximum  level  of  usefulness  for  the 
product.  Specimens  used  for  product 
evaluation  shall  be  of  the  same  matrix 
for  which  the  product  is  represented  as 
usefiU.  Such  specimens  shall  be  stable 
with  regard  to  glucose  content  through¬ 
out  the  evaluation  period.  Specimens 
used  in  product  evaluation  will  consist 
of: 

(i)  Calibrators  supplied  or  specified 
by  the  manufactmer. 

(ii)  A  centred  material  supplied  or 
specified  by  the  manufacturer. 

(iii)  Pure  solutions  with  glucose  con¬ 
tent  defined  (weight/volume  basis) . 

(iv)  Samples  from  stable  pools  of  hu¬ 
man  or  animal  origin  simulating  patient 
specimens. 

(V)  Native  specimens  from  a  hospi¬ 
tal  or  clinical  population,  including 
specimens  from  patients  with  diabetes  or 
diabetes-associated  disease. 

(vi)  Samples  from  a  serum  or  other 
appropriate  matrix  pool,  to  which  have 
b^n  added  known  amounts  of  suspected 
interfering  substances. 

(4)  Any  test  scheme  shall  be  adequate 
to  assure  the  user  that  those  variables 
which  have  been  specified  as  requiring 
control  are  included  in  the  assessment. 
No  special  effort  shall  be  made  to  control 
any  other  laboratory  conditions  which 
might  affect  the  performance  of  the 
products.  Ordinarily  any  test  scheme 
shall  include  in  the  assessment  of  pre¬ 
cision  and  bias  any  lot-to-lot  and 
within-lot  variation  in  the  individual 
components  of  the  test,  any  changes  in 
the  product  due  to  aging,  and  short-term 
(day-to-day)  and  long-term  (week-to- 
week)  variations  in  the  testing  labora¬ 
tory.  The  testing  scheme  shall  be  such 
that  the  probability  of  declaring  the 
standard  h^  been  met,  when  in  fact  iin- 
llmited  testing  would  show  that  the 
standard  is  not  met,  shall  not  exceed  5 
percent  when: 

(i)  The  bias  exceeds  the  standard  by 
10  percent; 

(il)  The  precision  exceeds  the  stand¬ 
ard  by  10  percent; 

(lU)  The  percentage  of  Individual 
differences  betwem  results  obtained  on 
native  specimens  by  the  product  and  the 
reference  method  with  the  limits  given 
in  paragraph  (a)  (3)  of  this  section  is 
5  percentage  points  less  than  the  per¬ 
formance  requirement. 

§  328.101  Qualitative  glucose  determi¬ 
nations. 

This  product  class  standard  estab¬ 
lishes  criteria  for  the  performance  of 
products  Intended  for  use  in  the  detec¬ 
tion  of  glucose  in  specimens  taken  from 
the  htunan  body.  Such  products  Include 
calibrators,  controls,  reagents,  instru¬ 


ments,  and  components,  parts,  or  acces¬ 
sories  intended  for  use  with  such  prod¬ 
ucts.  In  addition  to  detecting  glucose, 
such  products  may  also  provide  proce¬ 
dures  for  estimating  the  amount  of  glu¬ 
cose  present.  The  precision  or  specificity 
obtained  by  use  of  such  products  is  less 
than  that  ordinarily  obtained  by  use  of 
those  products  subject  to  the  require¬ 
ments  of  §  328.100  governing  quantita¬ 
tive  glucose  determinations. 

(a)  Labeling.  The  general  labeling  re¬ 
quirements  of  §§  328.10  (a)  and  (b) 
apply  to  all  products  included  in  this 
section.  The  following  specific  labeling 
requirements  also  apply  as  indicated. 

(1)  The  statement  required  by 
§§  328.10(a)(2)  and  328.10(b)(2)  shall 
be  as  follows: 

(1)  For  a  system,  a  statement  such 
as  “For  use  in  the  qualitative  detec¬ 
tion  of  glucose”.  If  the  product  is  limited 
to  use  with  specific  specimen  types  such 
as  urine,  spinal  fluid  or  blood,  a  state¬ 
ment  such  as,  “For  use  in  the  qualitative 
detection  of  glucose  in  blood”. 

(ii)  For  a  calibrator  intended  for  use 
in  the  calibration  of  a  particular  sys¬ 
tem  or  method,  a  statement  such  as 
“For  the  calibration  of  DEF  Glucose 
Kit”.  If  the  calibrator  is  not  intended 
for,  or  limited  to  use  with  a  particular 
system  or  method,  a  statement  such  as 
“For  the  calibration  of  qualitative  glucqse 
methodology”. 

(iii)  For  a  control  material  intended 
for  use  as  a  control  in  the  qualitative 
detection  of  glucose  in  a  particular  speci¬ 
men  type,  e.g.,  urine  or  serum,  a  state¬ 
ment  such  as  “For  use  as  a  control  in 
the  qualitative  detection  of  glucose  in 
mine”. 

(iv)  For  a  reagent  intended  for  use  in 
the  qualitative  detection  of  glucose  as 
part  of  a  particular  method  or  system,  a 
statement  such  as  “Reagent  for  use  in 
the  qualitative  detection  of  glucose  by 
the  EFG  system”. 

(V)  For  instnunents  intended  for  use 
in  the  qualitative  detection  of  glucose,  a 
statement  such  as  “For  use  in  the  quali¬ 
tative  detection  of  glucose”. 

(2)  In  addition  to  the  statement  of 
interfering  substances  required  by 
§  328.10(b)  (10) ,  a  precise  statement  re¬ 
flecting  the  effect  or  noneffect  of  the 
presence  of  these  materials  listed  in 
paragraph  (c)  (2)  of  this  section  shall  be 
included.  If  the  effect  of  any  of  these 
materials  at  concentration  levels  ob¬ 
tained  in  normal  or  pathological  condi¬ 
tions,  drug  therapy,  drug  toxicity  or  by 
addition  to  collected  specimens  for  pre¬ 
servative  or  similar  purposes  will  cause 
tire  product  to  fail  to  meet  the  require¬ 
ments  of  this  standard,  instructions  shall 
be  provided  to  assist  the  user  in  identify¬ 


ing  the  presence  of  these  materials  in 
such  specimens.  If  the  effect  can  be 
eliminated  by  appropriate  treatment  of 
the  specimen  or  during  the  analytical 
process,  instructions  shall  be  provided 
to  do  so. 

(3)  If  the  effects  of  known  interfering 
substances  cannot  be  corrected  by  ap¬ 
propriate  treatment  of  the  specimen  or 
during  the  analytical  process,  the  label 
and  labeling  shall  describe  the  product  as 
imsuitable  for  use  with  specimens  con¬ 
taining  such  substances  pursuant  to 
§§  328.10(a)  (2)  and  328.10(b)  (10). 

(4)  The  statement  required  by 
§  328.10(b)  (12)  shall  include  a  positive 
statement  that  the  product  meets  or  ex¬ 
ceeds  the  requirements  of  this  standard. 

(b)  A  material  intended  for  use  as  the 
basis  for  assignment  of  qualitative  glu¬ 
cose  values  to  specimens  shall  meet  the 
following  requirements: 

(1)  It  shall  be  subject  to  the  product 
class  standard  for  calibrators. 

(2)  It  shall  meet  one  of  the  following 
requirements. 

(i)  If  it  contains  glucose,  it  shall  meet 
the  requirements  for  calibrators  in 
§  328.100(b)  except  that  the  assurance  of 
concentration  of  glucose  in  an  undefined 
matrix  shall  be  ±10  percent  of  the 
declared  value. 

(ii)  If  it  is  not  or  does  not  contain 
glucose,  it  must  provide  values  traceable 
to  val  ies  originally  obtained  by  the  use 
of  a  calibrator  containing  glucose.  Any 
such  secondary  calibrator  (such  as  a 
color  chart  or  solution)  shall  provide  a 
numerical  equivalent  of  the  range  of 
values  for  which  it  is  offered  for  use. 
The  midpoint  value  of  each  of  these 
ranges  shall  be  assured  within  ±10  per¬ 
cent  of  the  glucose  concentration. 

(c)  Detection  range;  effect  of  other 
substances.  (1)  The  product  shall  detect 
glucose  within  the  Unfits  specified  in 
Table  I  of  this  section  for  urine  and 
blood.  The  minimum  number  of  ranges 
of  detection  necessary  to  provide  useful 
information  are  as  indicated  in  Table  I 
of  this  section.  The  marketing  of  com¬ 
ponents  as  suitable  for  use  in  any  system 
or  method  constitutes  a  representation 
that  the  system  or  method  meets  these 
requirements  and  that  the  individual 
components  will  not  cause  results  which 
deviate  from  the  requirements  of  this 
product  class  standard.  If  the  product 
labeUng  makes  representations  of  use¬ 
fulness  at  or  within  glucose  concentra¬ 
tion  ranges  other  than  those  listed  in 
Table  I  of  this  section,  each  range  and  its 
midpoint  shall  be  stated  and  not  more 
than  10  percent  of  specimens  having  a 
glucose  concentration  at  that  nfidpoint 
shall  give  results  outside  the  stated 
range. 
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Tisul 


Onemtimtkm  of  i^iwoM  > 


BOfOltOKMHt 


Szpootod 


lUniarto* 


'Uilne: 

0  to  30  ingAll  (0  to  1.11  mlif/D _ ^  NofotlTO.. 

Orwter  thorn  2S0  mc/dl  (U.M  Poiltl'yo 
mMA). 

Blood  (wlM^  blood,  osmm  or  ptesmo): 

0  to  30  ii«ydl  (0  to  IJl  mHA) - 


30  to  00  mc/dl  0-11  to  t.33 


1  00  to  130  mc/dl  (3.33  to  0.00  mMD.. 
.  130to300mgA)l(0.00toll.linMA). 


Oreotor  than  300 mc/dl  (11.1  inM/I)...;r.r.;^...«».v.^=:»-do.. 


▲bnormol  Vnr..  Bpodmons  In  this  ronge  shoU  proride 
on  ‘'obnonnal  low”  rcoolt. 

=.r..do..~i^^;=  A  opedmen  at  40  m^dl  (2.22  mlf/I) 
dMmId  not  bo  declared  ‘‘normal” 
more  than  10  pereent  of  the  time, 
and  shall  nerer  be  declared  “abnor^ 
mal  high.” 

Kormsl  — — —  A  specimen  at  10  mgAU  (5.00  mMA) 
stadl  not  be  deelaM  “abnonnal” 
more  than  10  pereent  of  the  time. 

Abnormal  falgh„  A  specimen  at  100  nw/dl  (A88  mMA) 
shall  not  be  dedared  “nonnal”  more 
than  10  poroeot  of  the  time,  and  shall 
nerer  be  declared  ”abDormal  low.” 
A  specimen  in  this  range  shall  proride 
an  “abnormal  high”  reeulC 


t  As  meaeored  by  the  reference  method. 

*  The  results  obtained  by  use  of  a  product  may  not  Indicate  ghiooee  concentrations  beyond  the  next  eonuguous 
range. 


(2)  Tlie  effect  of  each  of  the  sub¬ 
stances  listed  In  Table  n  of  this  section 
shall  be  determined.  Such  determinations 
itha.li  also  be  made  for  any  other  sido- 
stanoe  or  patient  cfmdltlmi  which  has 
been  shown  to  influence  the  test  results 


(d)  Test  procedures  and  requirements. 
The  following  test  procedures  and  re¬ 
quirements  shall  apply : 

(1)  All  products  Shan  be  tested  using 
the  product  as  It  is  marketed.  Materials 
not  furnished  as  a  part  of  the  product 
but  indicated  In  the  lab^ng  as  neces¬ 
sary  for  proper  use  of  the  product  shall 
be  used  In  evaluation  of  the  prodix:t.  Any 
such  materials  may  be  selected  that  meet 
the  speciflcatloDs  of  the  manufacturer. 
If  the  labeling  indicates  alternative  ma¬ 
terials  are  considered  acceptable,  any 
such  materials  may  be  selected  for  prod¬ 
uct  testing  purposes.  Testing  for  compli¬ 
ance  may  include  testing  with  any  speci¬ 
men  type  claimed.  Any  product  which 
fails  to  conform  to  the  performance  re¬ 
quirements  established  in  paragraph  (c) 
(1)  of  this  sectico.  is  not  in  compliance 
with  this  standard. 

(2)  Testing  for  compliance  may  be 
done  at  any  time  during  the  life  expect¬ 
ancy  of  the  product.  The  product  shall 
be  handled  as  stated  in  the  labeling  In¬ 
structions  for  storage,  reconstitution, 
mixing  and  stability:  e.g..  If  the  labeling 
states  that  a  reagent  pr^uct  stored  at 
room  temperature  is  stable  1  year,  and 
after  reconstitution  and  dilution  Is  stable 
for  1  month  when  stored  in  a  refrigera¬ 
tor,  testing  for  compliance  shall  be  done 
in  accordance  with  the  stated  conditions 


These  effects  shall  be  declared  only  when 
they  might  occur  at  concentration  likely 
to  be  reached  In  ncmnal  or  pathologic 
conditions,  drug  thenqiy.  drug  toxicity 
or  by  addition  to  collected  q>eclmens. 


and  within  that  period  of  time;  and  if  the 
manufacturer  indicates  a  need  for  In- 
stnunent  calibration  once  a  year,  no  cal¬ 
ibration  will  be  done  at  less  than  that 
interval  for  the  purpose  of  product  eval¬ 
uation.  An  expiration  date  or  representa¬ 
tion  of  the  period  of  pnxluct  stability 
constitutes  a  representation  that  the 
product  meets  the  requirements  of  the 
standard  at  any  time  during  the  period 
represented.  If  there  is  no  expiration 
date  or  representation  of  the  period  of 
product  stability  the  product  will  be 
deemed  fo  be  in  vlolaticm  of  the  require¬ 
ment  in  S  328.10(a)  (6)  that  such  infor¬ 
mation  appear  on  the  product  label. 

(3)  A  product  Intended  for  use  in  the 
detection  of  glucose  In  urine  shall  be 
tested  using  specimens  with  glucose  con¬ 
centrations  below  20  mg/dl  (1.11  mM/1) 
and  above  250  mg/dl  (13.86  mM/1).  Any 
product  intended  for  use  in  the  detection 
of  glucose  in  blood  shall  be  tested  using 
specimens  with  glucose  concentrations 
as  indicated  in  paragraph  (c)  (1)  of  this 
section. 

(4)  Any  testing  scheme  shall  be  ade¬ 
quate  to  assure  the  user  that  those  varia¬ 
bles  which  have  been  specified  as  re¬ 
quiring  control  are  Included  In  the  as¬ 
sessment.  No  special  effort  shall  be  made 

3  control  any  other  laboratory  condi¬ 
tions  which  might  affect  the  perform¬ 


ance  of  the  products.  Ordinarily  any 
test  scheme  shall  include  in  the  assess¬ 
ment  oi  precision  and  bias  any  lot-to-lot 
and  within-lot  variation  in  the  individ¬ 
ual  components  of  the  test,  any  changes 
in  the  product  due  to  aging,  and  short¬ 
term  (day-to-day)  and  long-term  (week- 
to-week)  variations  in  the  testing  labo¬ 
ratory,  as  well  as  those  variations  to  be 
expected  in  the  reading  and  interpreta¬ 
tion  of  results  such  as  color  comparisons. 
The  testing  scheme  shall  be  such  that 
the  probability  of  declaring  that  the 
product  has  met  the  performance  re¬ 
quirements  is  less  than  5  pm:ent  when 
unlimited  testing  would  show  that  any 
one  of  the  following  is  true. 

(1)  The  percentage  of  specimens  with 
glucose  concentrations  of  C4>proxlmately 
40  mg/dl  (2.22  mM/1)  which  will  be  de¬ 
clared  “normal"  is  greater  than  15  per¬ 
cent. 

(ii)  The  percentage  of  specimens  with 
glucose  amcentratUms  of  i4n>roKimately 
90  mg/dl  (5.00  mWl)  which  will  be  de¬ 
clared  “abnormal  low"  or  “almormal 
high"  is  greater  than  15  percent. 

(ill)  The  percmtage  of  specimens  with 
glucose  concentraUons  of  ai^roxlmately 
160  mg/dl  (8.88  mM/l)  which  will  be 
declared  “nonnal"  is  greater  than  15 
percent. 

(5)  A  minimum  of  200  m>eclmens 
should  be  examined  in  each  concentra- 
tkm  range.  However,  in  those  perform¬ 
ance  categories  requiring  absolute 
reliability  (0  percent  or  100  percent) .  the 
product  will  be  considered  as  not  meet¬ 
ing  the  performance  requirements  imon 
the  first  result  which  deviates  from  the 
requirement. 

§  328.102  Reference  methods  for  glu¬ 
cose  determination- 

In  order  to  assess  bias,  a  means  of 
establishing  the  concentration  of  glu¬ 
cose  in  specimens  Is  required.  For  the 
purpose  of  this  product  class  standard, 
one  of  the  following  reference  methods 
shall  be  used.  The  sections  on  sami^ 
handling,  preservation  and  storage,  gen¬ 
eral  procediutd  approaches,  material 
specifications,  and  data  evaluations  and 
computations  are  ctxnmon  to  each  of  the 
described  methods. 

(a)  Sample  handling,  preservation  and 
storage.  (1)  The  primary  precaution  in 
the  handling  of  any  glucose  solution  is 
the  prevention  of  glycolysis.  In  the  cell- 
free  samples  for  which  this  method  is 
designed,  the  preponderant  source  of 
sample  deterioration  is  mlcrobiologic, 
and  preservation  of  original  glucose  con¬ 
centration  requires  avoidance  of  bac¬ 
terial  contamination.  Evaporation  from 
small  samples  can  be  a  serious  problem  as 
can  chemical  contamination  in  minute 
quantities.  Therefore,  sample  vessel 
cleanliness,  sterility  and  tight  closure 
are  rigorous  requirements  for  proper 
handling  and  storage. 

(2)  Glucose  standards  are  dissolved 
and  diluted  in  1  gram/liter  benzoic  acid 
solutions,  which  gives  secure  long-term 
protection  against  mlcrobiologic  contam¬ 
ination  at  4*  C  and  adequate  protection 
for  some  weeks  at  nxmi  temperature. 
Aqueous  dilutions  of  these  standards  or 
other  dilute  solutions  of  glucose,  and  re- 


Tabu  II 


Eodogenous  sabsUnces 

Ezocenoos  substances 

Anttooaculants  and  preaerratiTaa 

Fructose _ ^ _ 

Deztran . . ^ . - . 

_ SalleylatCKS  (deriTatlves  and  metabo- 

Thymol. 

Fluori<l«s. 

UtM)^ 

Urk:  add _ _ _ 
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Lipids'. . . . . . 
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constituted  lyophilisates  are  extremely 
labile  to  glycolysis  without  aseptic  han¬ 
dling  or  the  addition  of  bacteriostatic 
agents. 

(3)  The  biologic  specimens  to  be 
used  as  samples  for  this  analysis  are 
limited  to  serum,  plasma,  spinal  fluid 
or  urine,  all  of  which  present  hazards 
of  cellular  as  well  u  b^teriologlc  gly¬ 
colysis  and  require  special  precautions 
In  pr^aration  and  storage.  Lyt^hi- 
lized  serum  products  are  not  neces¬ 
sarily  free  of  these  contaminants,  and 
often  show  greater  lability  to  glucose 
degradation  than  freshly  collected 
native  serum.  Collection  of  blood  and 
spinal  fliiid  Is  ordinarily  performed 
under  as^tic  conditions;  urine  Is  rarely 
so  collect^.  Even  If  preservatives  are 
used,  pools  of  any  of  these  materials 
that  are  to  be  processed  as  control  or 
calibrator  sample  surrogates  must  be 
membrane-flltered  to  remove  both  tissue 
cells  and  microorganisms,  since  there  are 
few  conu>lete  inhibitors  of  cellular  gly¬ 
colysis  and  many  such  substances  pre¬ 
sent  interference  problems.  Therefore, 
plasma  or  senim  must  be  centrifuged  to 
produce  essentially  cell-free  super¬ 
natants  for  materials  that  are  to  be 
stored  for  any  period  of  time,  and  an 
adequate  preservative  should  be  added 
either  with  the  anticoagulant  or  to  the 
harvested  serum.  The  anticoagulants 
heparin,  oxalate,  citrate  and  ethylenedi- 
aminetetraacetate  (EDTA)  do  not  Inter¬ 
fere  with  the  anaU^.  Sodium  fluoride 
(NaP)  is  a  secure  preservative,  but  as  the 
sole  anticoagulant  the  high  coiu^tra- 
tion  necessary  produces  unsuitable 
plasma  and  may  interfere  with  the  anal¬ 
ysis.  Anticoagulants  other  than  h^iarin 
cause  osmotic  shifts  of  cellular  water 
and  other  effects  In  blood  specimens  that 
produce  alterations  in  plasma  glucose 
concentration. 

(4)  NaF  at  a  concentration  of  2.5 
milligrams  per  milliliter  of  blood  is  the 
recommended  preservative.  The  NaP  is 
best  combined  with  1  milligram  per  milli¬ 
liter  of  disodium  EDTA.  This  mixture 
is  availablelnconventionalvacuu  m  col¬ 
lection  tubes. 

(5)  Immediate  and  thorough  mixing 
of  the  freshly  coUected  specimen  is  es¬ 
sential  to  dissolve  the  dry  anticoagulant 
to  prevent  later  problems  with  flbrln  in 
frozen  plasma. 

(6)  The  keys  to  adequate  storage  of 
specimens  are  sterility,  secure  closure, 
low  temperature  and  freedom  from  cel¬ 
lular  or  chemical  contamination.  Por 
storage  longer  than  48  hours,  even  pre¬ 
served  specimens  should  be  frozen  in 
containers  that  are  securely  closed  and 
have  a  low  permeability  to  water  vapor. 
Long  term  storage  for  many  plastic  vials 
may  require  sealing  in  cans  with  satu¬ 
rated  blotting  paper;  heavy  glass  vials 
are  preferred.  Unless  a  good  seal  is  ob¬ 
tained  by  £4>ecial  compression  fittings, 
screw  caps  may  not  be  reliable.  Thawing 
of  frozen  specimens  should  be  performed 
rapidly,  l.e.,  In  a  water  bath,  at  a  tem¬ 
perature  no  higher  than  30*  C.  Repetitive 
sampling  from  the  same  vial  presents  the 
risk  of  potential  deterlcnatioci  of  the 


specimen  from  repeated  thawing,  eva¬ 
poration  and  contamination. 

(b)  General  procedural  approachet. 

(1)  Any  reference  method  must  aim  at 
high  capability  for  accuracy  and  preci¬ 
sion  and  must  be  deflned  to  the  extent 
possible.  Accuracy  capability  can  rardy 
be  described  in  absolute  terms,  since  it 
results  from  the  conditions  and  proce¬ 
dures  used  to  determine  the  scientiflc  or 
analytic  method.  Estimates  of  bias  may 
be  made  for  recognized  Interfering  sub¬ 
stances,  but  the  magnitude  of  bias  in  any 
one  result  is  determined  by  the  non¬ 
specificity  of  the  method  combined  with 
the  interfering  components  in  each 
specimen.  The  use  of  a  reference  method 
assumes  acceptance  of  an  arbitrary  ac¬ 
curacy  capability. 

(2)  Ihe  precision  component  of  any 
final  result  represents  the  sum  of  the 
variations  which  result  from: 

(i)  The  volumetric  manipulations  on 
the  sample; 

(li)  The  ease  or  difficulty  of  reproduc¬ 
ing  prescribed  conditions;  and 

(iii)  The  response-measuring  system. 

The  procedures  and  specifications  pre¬ 
scribe  in  these  methods  of  reference  are 
considered  essential  to  achieving  their 
precision  capabilities  in  a  practical  op¬ 
eration. 

(3)  (i)  Defining  volumes  are  liquid  or 
solution  volumes  that  define  concentra¬ 
tion  volumetrically,  l.e.,  mass  or  activity 
or  molecular  number  per  unit  volume. 
These  comprise  (a)  “primary  standard 
solutions’’  prepared  by  dissolving  an  ac- 
ciu*ately  known  mass  of  defined  sub¬ 
stance  in  an  accurately  known  volume 
of  total  solution;  (b)  “primary”  or  “orig¬ 
inal  specimens”  of  solutions  to  be  ana¬ 
lyzed  on  a  volumetric  basis;  and  (c) 
“volumetric  dilutions”  of  either  stand¬ 
ards  or  specimens  that  define  an  aliquot 
by  means  o'  a  precisely  known  dilution 
factor. 

(li)  Liquid  aliquot  is  an  exactly  known 
voliune  of  solution,  delivered  as  a  pro¬ 
portional  part  of  an  original  specimen 
or  standard  solution. 

(ill)  Aliquant  is  an  Inexactly  defined 
prc^iortlonal  sample  of  a  parent  volume, 
the  proportionality  of  which  is  not  nec- 
essailly  known  or  iised  in  relating  the 
concentration  of  original  sample  to  its 
final  dilution.  Since  it  may  be  delivered 
with  great  repetitive  precision,  an  in¬ 
exactly  known  volume  of  an  aliquant 
may  be  used  in  a  comparison  technique 
in  precise  quantitative  determinations  of 
concentration,  referred  to  some  calibrat¬ 
ing  or  standard  solution. 

(iv)  Comparison  technique:  In  the 
procedures  set  forth  in  paragraph  (e) 
of  this  section,  the  two  steps  (deprotein- 
lzati<Hi  and  final  color  reaction)  are  con¬ 
ducted  by  identical  treatment  of  all¬ 
quants  of  specimens  and  working  stand¬ 
ard  solutions.  The  reaction  response  of 
the  specimen  is  then  quantified  by  re¬ 
ferring  it  to  that  of  a  precisely  defined 
and  identically  treated  standard  solu¬ 
tion.  Although  these  steps  must  be  car¬ 
ried  out  with  high  precision,  the  voliunes 
of  allquants  of  samples  and  diluents  or 
reagents  need  not  be  exactly  known,  and 


primary  calibration  of  the  volumetric 
measuring  system  is  not  essential  as  long 
as  the  allquants  are  precisely  reproduced. 

(c)  Material  specifications — (1)  Volu¬ 
metric  measurement — (i)  Precision  tol¬ 
erance.  ’The  system  for  delivering  any 
liquid  volume  in  the  analysis  should  have 
a  precision  capability  of  the  measure¬ 
ment  for  repetitive  deliveries  within 
±0.2  percent  of  the  target  mean;  the 
precision  of  the  volumes  delivered  de¬ 
pends  upon  operator  care.  Ultimate  pre¬ 
cision  capability  is  achieved  by  the  use 
of  one  pipet  for  the  delivery  of  all  sam¬ 
ples  and  standard  solutions.  ’Die  use  of 
multiple  pipets  for  the  same  task  re¬ 
quires  selection  in  which  this  tolerance 
can  be  assured.  Products  of  leading  man¬ 
ufacturers  can  usually  be  relied  tqjon  to 
meet  these  tolerances;  however,  the  user 
must  identify  reUaUe  sources  and  verify 
precision. 

(ii)  Accuracy  tolerance.  For  all  defin¬ 
ing  volumetric  measurements,  such  as 
dilutions  of  standard  solutions  or  of  spec¬ 
imens  prior  to  the  analysis,  pipets  and 
volumetric  flasks  conforming  to  National 
Biu^au  of  Standards  (NBS)  tolerance. 
Class  A,  Fed.  Spec.  NNN-F-00289a 
(May  21,  1965)  and  NNN-P-00395a 
(May  27,  1965)*  must  be  used.  The  ac¬ 
curacy  capability  of  the  measurement  in 
these  applications  should  fall  within 
=*=0.2  percent  of  the  target  volume.  Cfiass 
A  pipets  meet  this  requirement  only  at 
volumes  above  2  milliliters.  ’The  mean 
volume  of  any  reagent  or  sample  deliv¬ 
ered  in  a  comparison  technique  must  be 
within  ±5  percent  of  the  volume  specified 
in  the  procedure. 

(iii)  Sample  deliveries.  Since  the  tech¬ 
nique  of  comparison  with  concomitant, 
identically  processed  standard  solutions 
is  employed  here,  only  the  precision  tol¬ 
erance  is  critical.  In  measurements  of 
original  sample  aliquants  (specimens  and 
working  standards)  the  effect  of  differ¬ 
ing  viscosities,  e.g.,  between  serum  and 
aqueous  standards,  on  the  volume  de¬ 
livered  must  be  eliminated.  Acceptable 
alternative  metiiods  are:  (a)  A  single 
transfer  or  Ostwald  pipet  is  used  for  all 
deliveries  of  sample  or  deprotelnlzed 
supemate.  Regardless  of  its  calibration 
mode,  it  is  used  as  “to  contain”  (’TC) 
pipet,  with  a  flushing  of  any  residual  ma¬ 
terial  by  two  complete  fillings  with  the 
recipient  water  or  reagent,  and  positive 
expulsion.  Between  individual  samples 
the  pipet  must  be  well  drained,  wiped 
and  given  three  thorough  rinses  with  the 
next  ssunple  to  be  delivered. 

(b)  A  set  of  pipets  may  be  used  which 
has  been  verified  as  falling  within  a  tol¬ 
erance  of  ±0.2  percent  of  some  contained 
voliune  that  lies  within  ±5  percent  of 
the  volume  specified  in  the  procedure.  A 
new  pipet  is  used  for  each  sample  with 
flushing  of  the  material  with  the  recipi¬ 
ent  reagent.  ’The  only  commerclsdly 
available  pipets  with  tolerances  within 
0.2  percent  in  the  l-millUlter  size  are 
1000  microliter  micropipets,  e.g.,  Kirk  or 
Lambda  types,  conforming  to  American 


^Copies  may  be  obtained  from:  National 
Bureau  of  Standards.  Department  of  Com¬ 
merce,  14tli.  E,  and  Constitution  Ave.  NW., 
Washington,  D.C.  20230. 
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Chemical  Society  (ACS)  specifications.* 

(c)  Certain  syringe-type  pipets  with 
precisely  limited  stops  may  be  available 
with  the  necessary  precision  of  repetitive 
delivery  if  they  represent  all-llQuld  de¬ 
vices  (not  air-pistol  pipets)  In  which 
the  sample  is  measured  by  positive  dis¬ 
placement,  rather  than  by  containment. 
In  this  case,  the  pipet  is  not  flushed  with 
reagent,  but  must  be  rinsed  three  times 
with  the  next  sample. 

(d)  Several  precision  sample-diluting 
devices  that  measure  the  sample  by  aspi¬ 
ration  in  an  all-llQuid  system  and  deliver 
it  by  positive  displacement  and  flush  out 
with  water  or  reagent  can  qualify.  The 
actual  volume  delivered  must  be  within 
±5  percent  of  the  specified  sample  vol¬ 
ume  and  the  device  must  be  demon¬ 
strated  to  achieve  repetitive  deliveries 
with  s  precisl(m  of  0.2  percent  [1  coef¬ 
ficient  of  variation  (C.y>3.  The  sample 
and  reagent  contacting  surfaces  of  such 
a  device  must  be  demonstrated  not  to  be 
structiu'ally  defmmable  or  reactive  with 
any  reagent  or  sample. 

(2)  Photometric  measurement — (1) 
Spectrai  resolution  and  wavelength.  A 
half  bandwidth  of  10  nanometers  cen¬ 
tered  within  ±5  nanometers  of  the  speci¬ 
fied  wavelength  for  measurements  at  540 
and  630  nancHneters;  measurements  at 
340  nanometers  must  be  centered  within 
±2  nanometers,  with  a  resolution  of  2 
nanometers. 

(11)  Photometric  linearity,  (a)  Within 
0.001  absorbance  from  0.000  absorbance 
to  0.500  absorbance. 

(b)  Within  0.002  absorbance  from 
0.500  absorbance  to  1.000  absorbance. 

(c)  Within  0.003  absorbance  fnmi 
1.000  absorbance  to  1.500  absorbance. 

(ill)  Photometric  precision,  including 
noise,  at  340  nanometers. 

(a)  Within  0.001  absorbance  at  0.000 
absorbance  to  0.100  absorbance. 

(b)  Within  0.003  absorbance  at  0.500 
absorbance. 

(c)  Within  0.005  absorbance  at  1.000 
absorbance. 

(Iv)  Stability,  less  noise,  at  340  nanom¬ 
eters.  (a)  Zero  drift  not  greater  than 
0.001  absorbance  per  hour. 

(b)  Drift  at  1.000  absorbance  not 
greater  than  0.003  absorbance  at  the 
required  aperture  and  energy  level. 

(V)  Stray  light.  For  measurements  at 
340  nanometers,  stray  light  must  be  less 
than  0.2  percent. 

(Vi)  Cuvet  system.  Cuvets  with  plane- 
parallel  faces  with  a  pathlength  of  10 
millimeters  are  used.  A  10  millimeter 
flow-through  cuvet  Is  acceptable  if  it  can 
be  adequately  flushed  to  eliminate  all 
carryover  of  sample  and  if  its  pathlength 
has  been  verified. 

(3)  Glassware,  (i)  All  glassware  shall 
be  chemically  clean,  Including  at  least 
two  final  rinses  with  demineralized,  dis¬ 
tilled  water,  and  dried  in  a  dust-free 
environment. 

(ii)  If  individual  cuvets  are  used  for 
photometric  measurements,  they  shall 


*  Copies  may  be  obtained  from:  Journal  of 
Analytical  Chemistry,  American  Chemical 
Society,  1165  16th  6t.,  Washington,  D.C. 
20036. 


be  matched  to  a  sufficiently  dose  toler¬ 
ance  to  satisfy  the  precision  require¬ 
ment  given  under  paragraph  (c)  (2)  of 
this  section,  (h*  corrections  for  differ¬ 
ences  In  pathlength  must  individually 
be  applied.  Normally,  a  common  cuvet, 
thoroughly  rinsed  between  readings  with 
the  next  sample,  or  a  flow-through  cuvet, 
is  used.  These  shall  be  cleaned  after  each 
analytical  run. 

(lii)  Except  where  plastic  dispensing 
bottles  are  specified,  all  reagents  and 
stock  standards  are  to  be  stored  in  boro- 
slllcate  glass  vessels.  Tight-fitting  c«q>s 
must  be  fitted  with  either  fiat  Teflon 
liners  or  polyethylene  conical  closures. 

(Iv)  Tubes  for  the  preparation  of  de- 
proteinlzed  supemates  must  contain  a 
volume  of  at  least  23  milliliters  and  mtist 
be  capable  of  being  seciirely  capped  with 
nonreactive  closures.  Provisions  must  be 
made  either  for  centrifuging  the  tubes 
directly  or  for  transferring  smaller  vol¬ 
umes  of  the  mixture  to  smaller  tubes. 

(4)  Chemicals — (1)  Reagent  water: 
Demineralized  feed  water,  rua  through 
an  active  charcoal  and  a  high  efficiency 
mixed-bed  demineralizer  column  (efflu¬ 
ent  resistivity  of  at  least  1  megohm)  Is 
distilled  In  an  all-grass  vented  still  op¬ 
erated  at  two-thirds  of  the  rated  output. 
It  is  collected  and  stored  in  borosilicate 
glass  containers. 

(11)  Carbon  dioxide  (COa)  -tree  water: 
Reagent  water  boiled  for  15  minutes  in 
an  open  flask  and  allowed  to  cool  cov¬ 
ered  with  a  watch  glass.  This  is  prepared 
at  the  time  of  use. 

(iil)  Glucose  standard:  Standard  glu¬ 
cose  solutions  are  prepared  from  Nation¬ 
al  Biureau  of  Standards  certified  D-glu- 
cose.  Standard  Reference  Material  No. 
917,*  which  has  been  stored  in  the  lab¬ 
oratory  in  its  original  capped  bottle  in 
a  vacuiun  desiccator  over  tinhydrous  cal¬ 
cium  sulfate. 

(iv)  Chemicals  designated  as  “ACS 
grade”  must  meet  ACTS  analytical  re¬ 
agent  specifications  (“Reagent  Chemi¬ 
cals.”  ACS,  4th  ed.*). 

(5)  Preparation  of  primary  standard 
solution — (i)  Benzoic  add  diluent,  1.0 
gram/liter.  2.0  grams  of  ACS-grade  ben¬ 
zoic  acid  are  dissolved  in  2000  milliliters 
of  hot  reagent  water  in  a  large  flask. 
Stir  thoroughly  into  solution,  and  cover 
while  it  cools  to  room  temperature.  De¬ 
cant  from  any  fine  residue  into  reagent 
bottles.  Store  at  rooni  temperatiu*e, 
tightly  stoppered. 

(ii)  Glucose  stock  standard,  10.00 
grams /liter.  Weigh  and  transfer  5.000 
±0.002  grams  of  anhydrous  NBS  D-glu- 
cose  into  a  Class  A  500  milliliter  volu¬ 
metric  flask;  benzoic  acid  diluent  is  used 
to  wash  in  and  dilute  the  glucose  imtil 
the  flask  is  about  two-thirds  full.  Mix 
the  glucose  into  complete  solution  with 
swirling.  Add  benzoic  acid  solution  to  a 
point  about  1  centimeter  below  the  500- 
milliliter  mark,  and  place  the  flask  in  a 
water  bath  at  20*  ±1*  C,  covering  the 
flask  just  to  the  neck.  Stopper,  and  let 
the  solution  equilibrate  for  30  minutes 
before  making  to  exactly  500-milliliter 


1  See  footnote  1  at  p.  24141,  supra. 
*  See  footnote  2, 1st  col. 


volume  with  the  benzoic  acid  diluent 
Stopper  and  mix  well  by  Inverting  the 
flash  at  least  10  times,  swirling  the  in¬ 
verted  flask  for  10  seconds  at  each  in¬ 
version.  Transfer  80  to  85  milliliters  to 
each  of  6  screw-cap  4-ounce  borosilicate 
bottles.  The  labeled  and  dated  bottles 
are  tightly  capped  and  stored  at  4*  C. 
One  bottle  is  used  for  the  preparation  of 
a  complete  set  of  standards;  other  con¬ 
venient  volumes  may  be  used  for  pre¬ 
paring  standards  having  a  glucose  con¬ 
centration  above  250  mg/dl  (13.88  mM/ 
1) .  Although  this  stock  standard  is  stable 
for  long  periods  of  time  if  adequately 
prepared  and  handled,  it  is  recommended 
that  new  stock  standard  be  prepared 
each  6  months.  Before  bottling  a  new 
lot,  prepare  a  new  200  mg/dl  (11.10 
mM/1)  working  standard  and  verify  its 
Integrity  by  comparison  in  replicate  in 
a  run  with  the  old  set  of  standards. 

(ill)  Glucose  working  standards,  (a) 
Prepare  a  cmnplete  set  of  wortdng  stand¬ 
ard  solutions  of  pure  glucose;  equilibrate 
a  bottle  of  stock  glucose  standard  and 
of  benzoic  acid  diluent  to  20*  ±1*  C  in 
a  water  bath  for  30  minutes.  Deliver  the 
aliquots  of  stock  standard  listed  below 
into  100  milliliter  Class  A  volumetric 
flasks  and  dilute  almost  to  volume  with 
the  benzoic  acid  diluent;  final  adjust¬ 
ment  to  the  mark  is  made  after  another 
15  minutes  of  equilibration  of  the  flasks 
in  the  bath.  A  special  set  of  Class  A 
voliunetric  flasks  and  5-,  10-  and  25- 
milllllter  voliunetric  (TD)  pipets  and 
volumetric  flasks  is  reserved  for  prepar¬ 
ing  standards. 


Stock  standard 
(milliliters) 

Total  Tolnine 
(with  benaoio 
add) 

(mimuters) 

Final  glucose 
eonoentration 
(milligrams/ 
deciliter) 

s.ro 

100 

50(2.78  mM/11 

10.  (» 

100 

100  (5.55  mM/1) 

15.00 

100 

150  (8SS  mM/1) 

20.00 

100 

200(11.10  mM/I) 

25.00 

100 

250  (U.88  mM/i) 

If  the  desired  analytical  range  is  not  { 
covered  by  these  standards,  additional  j 
working  standards  must  be  prepared:  | 

300,  400  and  500  mg/dl  (16.65,  22.2  and  ; 

27.8  mM/1,  respectively)  working  stand-  ] 

ards  may  be  prepared  by  dilutions  of  30-,  \ 

40-  and  50-mllllliter  allquants,  respec-  ^ 

tively,  of  stock  standard  into  100-milli- 
llter  volumetric  flasks.  A  complete  set 
of  standards  is  prepared  at  one  time  and 
if  any  one  is  depleted  or  suspect,  the  en¬ 
tire  batch  is  replaced.  The  old  and  new 
sets  are  compared  by  duplicate  analysis 
In  one  analytical  run.  A  25  mg/dl  (1.39 
mM/1)  standard  may  be  prepared  by 
mixing  5.0-milliliter  aliqliots  each  of  50 
mg/dl  (2.78  mM/1)  standard  and  ben¬ 
zoic  acid  diluent  in  a  clean,  dry  tube. 

(b)  Working  standards  are  stored  in 
4-ounce,  screw-capped  polyethylene  bot¬ 
tles  (squeeze  dropping  type  with  snap- 
cap  on  the  tip)  at  4*  C  for  up  to  1  month. 
Cleaning  of  plastic  storage  bottles  is 
critical,  since  gross  contamination  can¬ 
not  be  seen  and  since  molds  may  be 
transferred  from  one  solution  to  another. 
Although  benzoic  acid  is  a  good  preserv¬ 
ative  against  ordinary  glucolytic  micro- 
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organisms,  ft  caxmot  protect  against 
heavy  bacterial  InocolatloDs. 

(e)  (te  each  analytical  day,  the  re¬ 
quired  working  standards  are  dispensed 
into  clean  tubes  fmr  equUlbratten  to  SO* 
C,  and  the  stock  bottles  returned  to  the 
refrigerator. 

(d)  Data  evaluation  and  computatiom*. 
The  following  guidelines  for  data  evalua¬ 
tion  and  computations  are  applicable  to 
each  of  the  reference  methods  In  this 
standard. 

(1)  Drift  evaluation.  Drift  Is  Identified 
by  a  significant  alteration  (rf  either  the 
rei^nse  to  concentration*  (y/x)  slope 
between  the  Initial  and  final  abscxbance 
readings  of  the  standard  curve,  or  by  a 
vertical  di^acement  of  the  two  curves 
throughout  the  concentration  range.  The 
following  procedure  provides  a  test  for 
Identifying  drift. 

(1)  If  the  Initial  and  final  blank  differ 
by  more  than  0.005  absorbance,  discard 
run. 

(11)  Discard  any  standard  fear  which 
the  dimllcate  readings  differ  by  more 
than  5  percent. 

(ill)  Sum  the  absorbance  readings  fcH* 
the  two  lowest  standards  In  the  Initial 
set  of  standard  readings,  normally  the 
50  (2.78)  and  100  mg/dl  (5.55  mM/I).' 
standards. 

(Iv)  Similarly,  sum  the  Initial  readings 
for  the  two  highest  standards,  normally 
200  (11.10)  and  250  mg/dl  (13.88  mM/1 
standards. 

(V)  Obtain  similar  sums  for  the  two 
lowest  and  two  highest  In  the  final  set 
of  standards. 

(vl)  If  the  sums  for  the  Initial  and  final 
absorbance  values  for  the  two  lowest 
standards  differ  by  more  than  3  percent, 
discard  run.  For  all  such  comparisons 
the  lower  of  the  two  values  Is  used  as 
the  denominator.  Similarly,  If  the  dif¬ 
ference  between  initial  and  final  sums 
for  the  two  highest  standards  is  more 
than  3  percent,  discard  the  run. 

(2)  Validation  of  duplication  stand¬ 
ards.  (1)  Discard  any  standard  for  which 
duplicate  absorbances  differ  by  more 
than  3  percent,  or  5  percent  for  the  50 
mg/dl  (2.78  mM/1)  standard. 

(11)  The  data  for  at  least  four  stand¬ 
ard  concentrations  mxist  be  acceptable 
by  this  test,  or  the  run  must  be  dis¬ 
carded. 

(3)  Obtaining  corrected  readings.  (1) 
Average  the  duplicate  values  for  the 
blanks  and  each  acceptable  standard. 

(11)  Subtract  the  average  blank  ab¬ 
sorbance  from  the  average  absorbance  for 
each  standard  and  from  the  absorbance 
for  each  specimen  to  obtain  the  “cor¬ 
rected  reading.” 

(4)  Obtaining  factor  for  each  stand¬ 
ard  level.  Obtain  a  factor  for  each  stand¬ 
ard  by  dividing  Its  concentration  by  its 
corrected  reading. 

(5)  Validation  of  linearity  of  the 
standard  curve.  (1)  Add  the  factors  fm: 
the  two  lowest  accepted  standaids,  nor¬ 
mally  50  (2.78)  and  100  mg/dl  (5.55 
mM/1). 

(11)  Add  factors  for  the  two  highest  ac¬ 
cepted  standards,  normally  200  (11.10), 
and 250 mg/dl  (13.88 mM/1). 


(BD  If  these  two  some  obtained  differ 
by  more  than  2  percent  of  the  lower 
vahie,  discard  run. 

(8>;  Obtaining  msOUp^  factor  (F)', 
astdeompittingconoentrattans. 

Q)  Average  the  factors  for  aH  accep¬ 
ted  standards  to  obtain  F. 

(11)  Multiply  corrected  reading  for 
each  specimen  by  F  to  obtain  idueose 
ecmcentration. 

(HI)  Samples  with  reatflngs  more  than 
10  percent  hlsh«r  than  the  hleheet 


standard  accepted  tor  the  run,  or  lying 
beyotid  the  previously  dem<xistrated 
linear  range,  are  diluted  1:2  (equal  vol¬ 
umes)  with  reagent  water  and  rean¬ 
alyzed;  the  result  Is  adjusted  for  the 
dlluticm  factw  (2) . 

(7)  Example,  using  data  derived  from 
the  ortho-toluidine  method.  The  follow¬ 
ing  data  were  obtained  by  manual  tech¬ 
niques,  employing  a  conmum  1 -milliliter 
Ostwald  plpet  for  all  samples  and  a  pre¬ 
cise  spectrcg)hotometer  u^g  a  self-fiU- 
Ing  cuv^  syrtem. 
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Although  there  was  evidence  of  fading  of 
color  at  the  end  of  this  long  run,  the 
drift  was  acceptable  (0.4  percent  for  the 
two  low  standards  and  2.0  percent  for 
the  two  high  standards) .  Duplication  fell 
within  limits  for  the  blanks  and  aH 
standards  (less  than  3  percent).  All 
standard  values  were  acceptable.  The 
test  for  linearity  was  barely  satisfied, 
with  the  sum  of  the  two  highest  stand¬ 
ard  factors  exceeding  that  of  the  two 
lowest  by  exactly  2.0  percent,  most  prob- 
aUy  due  to  excessive  fading  at  the  higher 
concentrations.  The  overall  multiplier 
factor  (F)  averaged  637. 

(e)  Methods  for  determination  of  glu¬ 
cose — (1)  Ortho-toluidine  method  for 
determination  of  glucose  in  serum  or 
plasma — (1)  GeneraL  The  ortho-tolul- 
dlne  reaction  Is  considered  to  be  rela¬ 
tively  specific  for  aldohexosea.  Actually, 
centain  other  sugars  may  participate  In 
the  reaction  to  some  extent,  and  the  use¬ 
fulness  of  this  method  In  blood  sugar  de¬ 
terminations  depends  upon  the  fact  that 
glucose  is  the  preponderant  sugar  and, 
normt^,  the  only  significant  reactant 
In  serum  or  plasma  ^leclmens  from 
some  imcontrolled  diabetics  and  those 
containing  certain  glycosans  which  can 
hydrols^  In  the  hot  acid  reaction  can 
Sdeld  appreciably  higher  values  than  the 
actual  glucose  content.  The  reaction  In¬ 
volves  the  condensation  of  glucose  with 
a  primary  aromatic  amine  in  hot  acetic 
acid  to  produce  an  equilibrium  mixture 
of  a  glycosylamine  and  a  Schiff  base: 

Ortho-toluidine  method 
CH,C,H,NH, + C,Hj,0^green  chromogen 

The  relatively  stable  green  color  pro¬ 
duced  conforms  to  the  Beer-Boiiguer 
Law  up  to  about  400  mg/dl  (22.2  mM/1) 
glucose  concentration. 

(a)  The  method  Is  simple  and  straight¬ 
forward,  requiring  only  two  reagents,  the 
first  for  protein  precipitation  and  a  sec¬ 
ond  for  the  color  reaction.  Deprotelnlza- 


tion  Is  required  for  the  most  reliable 
results.  Interference  fnmi  pigmented  or 
uncharacterized  ccxnponents  In  occa¬ 
sional  specimens  Is  minimized  by  d^ro- 
telnlzation. 

(b)  The  o-toluldine  reagent  Is  com¬ 
patible  with  several  common  protein- 
free  filtrates  of  serum  or  plasma.  The 
reaction  volumes  are  readily  adJustaUe. 
within  limits,  for  the  sensitivity  and 
concentration  range  desired.  However, 
sources  of  o-toluldlne  vary,  and  some 
variation  In  the  responses  between  piu« 
aqueous  standards  and  serum  or  plasma 
filtrates  may  occasionally  be  observed 
with  some  reagents.  The  characteristics 
and  properties  of  an  acc^table  reagent 
have  not  been  completely  defined.  Tech¬ 
nical  grade  o-toluldlne  has  often  been 
used;  the  presence  of  thiourea  has  been 
suggested  to  compensate  for  “Impuri¬ 
ties."  Verification  of  the  adequacy  of 
each  lot  of  source  reagent  Is  necessary. 
The  present  procedure  Is  an  optimization 
oi  the  basic  method  of  Dubowskl  (Du- 
bowskl,  K.  M.,  Clinical  Chemistry,  8:  215- 
235,  1962*). 

(11)  Reagents  and  chemical  specifica¬ 
tions  for  the  o-toluidine  method — 

(a)  Chemical  specifications — (i)  Tri¬ 
chloroacetic  acid  (.TCA).  ACS  specifica¬ 
tions  (4th  ed.,  p.  617  *) .  (Trichloroacetic 
acid  Is  very  caustic  and  must  be  handled 
with  care.) 

(2)  Ortho-toluidine.  Technical  grade 
o-toluldine  Is  distilled  under  vacuum  in 
the  laboratory  and  kept  tightly  capped 
In  a  vacuum  desiccator  in  the  dark  at 
room  tenmerature  (o-toluldine  or  Its 
contained  impiuities  Is  considered  to  be 
a  potential  carcinogen;  contact  with  the 
liquid  or  the  color  reagent  should  be 
strictly  avoided.) 


■See  footnote  3  at  p.  24143,  supra. 

■Copies  may  be  obtained  from:  Clinical 
Chemistry  Business  Office  1726  K  St.  NW.. 
Washington,  D.C.  20006. 
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(3)  Acetic  acid,  glacial.  ACS  specifica¬ 
tions  (4th  ed.,  p.  34*>.  Acetic  acid,  gla¬ 
cial,  may  ca\ise  bums  of  the  skin  and 
must  be  handled  with  care. 

(4)  Thiourea.  Reagent  grade. 

(b)  Reagent  specifications — (f)  Pro¬ 
tein  precipitant  TCA.  Trichloroacetic 
acid  solution,  60  grams/liter.  Quickly 
weigh  60±0.5  grams  of  ACS  reagent 
grade  trichloroacetic  acid  (CCh  COOH) 
Into  a  600-mllliliter  beaker,  add  reagent 
water  to  dissolve  completely;  transfer 
and  dilute  to  1000  milliliters  In  a  vol¬ 
umetric  fiask.  Store  at  4*  C  In  a  glass- 
stoppered  reagent  bottle  (well-designed 
closiires  of  nonreactive  plastics  are  ac¬ 
ceptable).  This  preparation  should  not 
be  iised  after  3  months. 

(2)  o-Toluidine  color  reagent.  Com¬ 
pletely  dissolve  1.5±0.1  grams  of  reagent 
grade  thiourea  in  940±5  milliliters  of 
ACS  glaclsd  acetic  acid  in  a  beaker. 
Warm  to  50*  C  and  stir  constantly  in  a 
fume  hood.  When  the  thiourea  has  dis¬ 
solved,  cool  in  a  water  bath  to  room  tem¬ 
perature,  and  add  60±0.5  milliliters  of 
ortho-toluldine.  Transfer  to  a  l-liter 
amber  bottle,  mix  thoroughly,  and  store 
at  room  temperature  for  up  to  3  months. 

(3)  Working  standards.  The  prepara¬ 
tion  of  primary  standard  solutions  is 
described  in  paragraph  (c)  (5)  (iii)  of 
this  section. 

(iii)  Procedure  for  ortho-toluidine 
analysis  of  glucose — (a)  Preparation 
of  deproteinized  supemates.  (1)  Pour 
sufficient  portions  of  each  standard  into 
clean,  cappable  tubes  and  return  stand¬ 
ards  to  refrigerator .  Bring  specimens, 
standards,  and  reagent  water  to  con¬ 
stant  temperature  by  placing  for  30 
minutes  in  a  temperature-controlled 
water  bath  at  room  temperature  (15* 
to  30*  C).  Label  a  sufficient  number  of 
18  X  150  millimeter  cappable  tubes  to 
accommodate: 


Type  of  sample: 

DupUcate  blanks 
(zero  concen¬ 
tration  stand¬ 
ard). 


Duplicate  work¬ 
ing  stand¬ 
ards  _ 


Preparation 

Prepared  with  benzoic 
acid  diluent  as  a 
sample  and  carried 
through  the  proce¬ 
dure  as  a  reagent 
blank. 

50.  100,  150,  200,  and 
250  mg/dl  (2.78,  5.55, 
8.33,  11.10  and  13.88 
mM/1,  respectively) 
standards.  If  samples 
above  275  mg/dl 
(15.26  mM/1)  are  to 
be  analyzed,  Include 
the  appropriate  work¬ 
ing  standard. 
Appropriate  concentra¬ 
tion  and  analytical 
history. 

Specimens  above  300 
mg/dl  (16.65  mM/1) 
require  dilution  with 
water  before  depro¬ 
tein  Ization. 

(2)  Deliver  10.0  milliliters  of  reagent 
water  into  each  tube,  using  the  same 
volumetric  pipet.  If  automatic  dilution 
is  employed,  this  water  is  used  as  the 
fiuid  to  fiush  out  the  sample. 

(3)  Prom  a  micropipet,  deliver  1000 
mlcroUters  of  each  sample  beneath  the 
surface  of  the  water  in  its  respective 
tube,  blow  out  gently  and  rinse  the  pipet 


Two  biologic 
control  sam¬ 
ples  _ 

Specimens 


twice  with  a  complete  filling  with  upper 
layer  water;  blow  out  the  residual  liquid. 
Vortex  tube  for  5  seconds.  The  micro¬ 
pipets  selected  must  be  capable  of  de¬ 
livering  required  volumes  within  a  toler¬ 
ance  of  ±2  microliters;  a  sample  dllutor 
capable  of  repetitive  deliveries  with  a 
precision  of  0.2  percent  (1  C.V.)  may  be 
used. 

(4)  Pipet  10.0  mlllilters  of  TCA  pre¬ 
cipitant  into  the  tube;  cap  tightly,  shake 
vigorously  for  10  seconds,  and  place  in  a 
rack.  Use  one  transfer  pipet  for  all  de¬ 
liveries  of  TCA, 

(5)  Mix  each  tube  by  vortexing;  then 
centrifuge.  If  a  smaller  tube  is  required, 
transfer  about  12  milliliters  of  the  mix¬ 
ture  to  a  clean  tube  for  certification. 
Cap  and  centrifuge  at  approximately 
1000  X  gravity  (g)  for  10  minutes.  Two 
shorter  centrifugations  may  be  neces¬ 
sary  to  clear  the  supemate,  the  first 
being  used  to  provide  clean  supemate 
with  which  to  wash  down  the  sides  of 
the  tube  above  the  liquid  level.  Bring 
the  tubes  to  room  temperatiu^  in  a  tem¬ 
perature-controlled  water  bath  before 
measuring  allquants  of  the  supemate. 

(b)  Color  reaction.  (1)  A  complete  set 
of  blanks  and  standards  is  run  at  the 
beginning  and  end  of  each  run,  using 
the  duplicate  dilutions  of  standards  in 
TCA. 

(2)  Deliver  2.00  milliliters  of  each  clear 
supemate  into  labeled  reaction  tubes 
from  a  2-milliliter  transfer  (TD)  pipet 
by  letting  it  drain  against  the  side  of  the 
tube;  when  the  level  has  reached  the  tip, 
the  pipet  is  drawn  upwards  against  the 
glass  and  removed.  A  set  of  pipets  must 
be  selected  so  that  repetitive  deliveries  of 
water  can  achieve  a  precision  of  0.2  per¬ 
cent  (1  C.V.) ;  if  a  single  pipet  is  used  for 
all  samples,  it  must  be  rinsed  twice 
with  each  succeeding  sample  before 
measurement. 

(3)  To  each  tube,  add  7.0  milhUters  of 
o-toluidine  reagent  and  mix  well  by 
vortexing.  Delivery  may  be  made  from  a 
single  transfer  (TD)  pipet  or  from  a 
reagent  dispenser  whose  precision  of 
repetitive  delivery  has  been  demon¬ 
strated  to  fall  within  0.2  percent  (1 
C.V.). 


(4)  Rack  and  cover  all  tubes,  and 
place  the  rack  in  a  vigorously  boiling 
water  bath  for  exactly  12  minutes. 

(5)  Remove  the  rack  frmn  the  bath 
and  Immerse  It  in  an  ice-water  bath  up 
to  the  level  of  the  reagent  mixture  for 
10  minutes  (slow  rates  of  cooling  may 
affect  the  results) .  Then  bring  contents 
to  room  temperature  in  a  water  bath  for 
10  minutes. 

•  (6)  Again  mix  well  by  a  brief  vortexing 
and  perform  the  photometry  by  trans¬ 
ferring  each  sample  to  a  rectangular 
cuvet.  If  a  single  cuvet  or  a  flow-through 
cuvet  is  used  for  all  readings,  it  is  rinsed 
twice  with  portions  of  about  1  milliliter 
of  the  solution  to  be  read;  if  more  than 
one  cuvet  is  used,  results  must  be  cor¬ 
rected  for  any  differences  in  pathlength. 
With  uniformly  rapid  cooling,  the  color 
is  relatively  stable,  but  readi^^s  should 
not  be  delayed.  In  a  long  nm,  check  for 
fading  between  the  Initial  and  final 
standard  curves. 

(7)  With  the  wavelength  set  to  630 
nanometers,  zero  the  photometer  with 
reagent  water.  Read  absorbance  of  the 
first  set  of  blank  and  standards,  then 
specimens  and  controls,  and  finally  the 
second  set  of  blank  and  standards.  The 
zero  setting  of  the  photometer  is  checked- 
with  water  after  each  10  readings.  If  the 
absorbance  reading  drifts  beyond  ±0.001 
absorbance  during  the  measurements,  it 
must  be  checked  more  often  and  the  in¬ 
strument  rezeroed. 

(8)  Refer  to  paragraph  (d)  of  this 
section  for  data  evaluation  and  compu¬ 
tations. 

(2)  Glucose  oxidase  method  for  the 
determination  of  glucose  in  serum, 
plasma,  and  cerebrospinal  fluid — (i) 
General.  This  procedure  is  applicable  to 
serum,  plasma,  and  cerebrospinal  fluid. 
It  utilizes  two  oxidoreductases  for  the 
enzsmiatic  conversion  of  glucose.  The 
first,  glucose  oxidase,  oxidizes  beta-D- 
glucose  (and  ultimately  the  alpha 
epimer  in  solution)  to  gluconic  acid. 
Hydrogen  peroxide  is  formed,  and 
peroxidase  acts  on  the  peroxide  and  a 
chromogenlc  hydrogen  donor  (ortho- 
dianisidine  in  this  method)  to  yield 
water  and  the  oxidized  form  of  the 
chranogen. 


Glucose  oiidase  reaction 

CjHijO*  + 

Beta-U-glucose 

HK)  +  Oi 

Water  Oxygen  (air) 

(glucose  oxidase) 

C»H,(OH)iCOOn 
— •  U-gluconic  acid 

+  n:Oj 

Hydrogen 

pcroxi<ie 

Peroxidase  reaction 

Hydrogen  peroxide 

+  tc.nitocnoNiijii 
Orthodianisidine 

(peroxidase)  , 

oxidized  chromogen 
(yellow) 

+  2H:0 

Water 

The  proteins  are  removed  from  the 
sample  by  the  barium  hydroxide-zinc 
sulfate  reagent  of  Somogyi,  and  an  ali¬ 
quant  of  the  resultant  supemate  is  taken 
for  the  procedure.  The  zinc  hydroxide 
precipitation  also  effectively  decreases 
the  levels  of  the  other  reducing  sub¬ 
stances  which  can  compete  with  the 
chromogen  as  hydrogen  donors.  Sulfuric 
acid  is  added  to  stop  the  reaction  and 
convert  the  colored  product  from  yellow 


to  rose-pink.  The  amount  of  color 
produced  is  proportional  tc  the  amount 
of  glucose  oxidized  and  is  measured  in 
a  spectrophotometer  at  a  wavelength  of 
540  nanometers.  The  method  is  basically 
that  of  Fales  (Fales,  P.W.,  “Standard 
Methods  of  Clinical  Chemistry,”  Vol.  4, 
pp.  101-112,  1963). 

(ii)  Reagents  and  chemical  specifica¬ 
tions  for  the  glucose  oxidase  method — 
(a)  Chemical  specifications.  (1)  Zincsul- 
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fate,  heptahydrate.  ACS  specifications 
(4th  ed..  p.  642  =■) . 

(2)  Barium  hydroxide,  octahydrate. 
ACS  specifications  (4th  ed.,  p.  100*). 

(3)  Sodimn  phosphate,  dibasic,  an¬ 
hydrous.  ACS  specifications  (4th  ed.,  p. 
559  *) . 

(4)  Potassium  phosphate,  monobasic, 
anhydrous,  ACS  specifications  (4th  ed., 
p.  480  *) . 

(5)  Glycerol.  ACS  specifications  (4th 
ed.,  p.  269  *) . 

(6)  Methanol.  ACS  specifications  (4th 
ed.,  p.  372  *) . 

(7)  Sulfuric  acid.  ACS  specifications 
(4th  ed.,  p.  597  *) . 

(8)  Ortho-dianisidine,  reagent  grade. 

(b)  Enzyme  specifications.  Enzymes 
for  the  glucose  oxidase  analysis  should 
meet  the  following  specifications,  and 
should  be  stored  in  a  desiccator  at  4"  C. 

(1)  Glucose  oxidase.  Purified  from 
Aspergillus  niger.  Minimal  activity:  13,- 
000  International  Units  (lU)  per  gram. 
One  lU  is  defined  as  the  amount  of 
glucose  oxidase  required  to  oxidize  1 
micromole  of  glucose  to  gluconic  acid  and 
HX>i  per  minute  at  pH  5.1  at  35.0*  C. 
Catalase,  amylase,  invertase,  maltase  and 
other  disaccharldases  should  be  absent. 

(2)  Peroxidase.  BZ  (Reinheit  Zahl)  no 
less  than  1.0  from  horseradish;  salt-free 
powder.  Activity;  approximately  100  to 
150  purpurogallin  units  per  milligram 
(one  20-second  purpurogallin  unit  equals 
the  formation  of  1  milligram  of  piuDuro- 
gallin  in  20  seconds  from  pyrogallol  at 
pH  6.0  at  20.0*  C) . 

(c)  Reagents  for  protein  precipita- 
tion — (i)  Zinc  sulfate  solution.  22.0 
grams/liter.  Dissolve  22.0  grams  of  zinc 
sulfate  (ZnSO«-  77H,0)  in  approximately 
900  milliliters  of  freshly  prepared,  hot 
CO-free  distilled  water.  When  the  solu¬ 
tion  has  cooled  to  room  temperature, 
transfer  to  a  1 -liter  volumetric  flask, 
dilute  to  1000  milliliters  with  COi-free 
water,  mix  well,  and  transfer  to  a  glass 
reagent  bottle.  Stopper  tightly. 

(2)  Barium  hydroxide  solution,  satu¬ 
rated.  Dissolve  80  grams  of  bariiun  hy¬ 
droxide  (Ba(0H)i-8H30)  from  a  freshly 
opened  bottle  in  approximately  950  mil¬ 
liliters  of  freshly  prepared  CO, -free,  hot, 
distilled  water.  When  the  solution  has 
cooled  to  room  temperature,  transfer  to 
a  1-llter  volumetric  flask,  dilute  to  1000 
mlUllltets  with  CO,-free  water,  mix  weU, 
and  transfer  to  a  storage  bottle  fitted 
with  a  soda-lime  trap  protected  with  a 
short  column  of  silica  gel.  The  life  of 
the  soda-lime  trt^  is  relatively  short,  and 
must  be  replaced  often.  Allow  the  excess 
barium  hydroxide  and  any  carbonates 
to  settle  overnight  before  making  the 
dilution  below. 

(3)  Barium  hydroxide  solution,  ap¬ 
proximately  0.11N.  Without  disturbing 
the  precipitate,  dilute  245  milliliters  of 
saturated  barium  hydroxide  to  1  liter 
with  CO,-free  water.  Titrate  10.0  milli¬ 
liters  of  zinc  sulfate  solution  with  this 
dilute  barium  hydroxide  to  a  faint  pink 
endpoint  wlUi  phenolphthalein  Indicator 
(2  drops  of  0.5  percent  indicator  in  95 
percent  ethanol).  The  result  should  be 

•  See  footnote  2  at  p.  24142,  supra. 


such  that  10.0  milliliters  of  zinc  sulfate 
solution  require  10.0±0.1  milliliter  of 
barium  hydroxide  solution.  If  this  limit 
is  exceeded,  add  either  satmated  hydrox¬ 
ide  or  COa-free  water  in  the  appropri¬ 
ate  calculated  quantities  to  the  barium 
hydroxide  solution  and  repeat  the  titra¬ 
tion.  Transfer  the  adjusted  barium  hy¬ 
droxide  solution  to  a  reagent  bottle  fitted 
with  a  soda-lime  trap  and  a  syphon  or 
decanting  tube  system.  Each  month 
check  equivalence  of  this  solution  by 
titration. 

(d)  Reagents  for  enzymatic  and  color 
reactions — (f)  Glycerol-buffer  solution, 
pH  7.0.  Dry  the  necessary  quantities  of 
mono-  and  dibasic  phosphates  in  a  110°  C 
oven.  Dissolve  3.48  grams  of  anhydrous 
dibasic  sodium  phosphate  (Na^HPO,) 
and  2.12  grams  of  anhydrous  monobasic 
potassium  phosphate  (KH^PO,)  in  600 
milliliters  of  reagent  water,  then  add  400 
milliliters  of  glycerol.  Mix  well,  measure 
the  pH  and,  if  necessary,  adjust  the  pH 
of  the  solution  to  7.0±0.1.  Transfer  to  a 
reagent  bottle  and  store  at  4°  C.  To  pro¬ 
long  the  stability  of  the  reagent,  it  may 
be  membrane-filtered  into  a  sterile  stor¬ 
age  bottle.  A  preparation  free  of  bacteria, 
stored  at  4°  C  will  remain  stable  for  at 
least  4  months. 

(2)  Enzyme  solution.  Dissolve  250  mil¬ 
ligrams  of  glucose  oxidase  in  about  10 
milliliters  of  glycerol-buffer  solution.  In 
a  separate  container,  dissolve  50  milli¬ 
grams  peroxidase  in  another  10-milliliter 
portion  of  glycerol-buffer.  Transfer  both 
enzyme  solutions  to  a  1-llter  volumetric 
flask  by  washing  it  with  the  glycerol- 
buffer  solution  and  bring  to  volume  with 
the  glycerol-buffer  solution.  Mix  well, 
divide  into  10  separate  100-milliliter  por¬ 
tions  and  store  these  in  brown  screw-cap 
bottles.  Store  at  —20*  C.  The  reagent  is 
stable  for  about  3  months. 

(3)  Ortho-dianisidine-methanol  solu¬ 
tion.  Dissolve  200.0  milligrams  of  ortho- 
dianisidine  in  20  milliliters  of  absolute 
methanol.  Mix  well  and  store  in  a  tightly 
capped  brown  plastic  bottle  at  4°  C.  The 
solution  is  stable  for  about  2  months. 

(4)  Glucose  oxidase  reagent.  Bring  to 
room  temperature  one  lOO-milliliter  bot¬ 
tle  of  enzyme  solution  and  a  small  por¬ 
tion  of  ortho-dianisidine-methanol  solu¬ 
tion.  Pipet  1.0  milliliters  of  ortho-dianis¬ 
idine-methanol  solution  into  a  flask. 
Quickly  pour  the  enzyme  solution  into 
the  flask  with  swirling  (to  prevent  pre¬ 
cipitation  of  the  dianisidine)  and  mix 
well.  Use  within  1  day. 

(5)  Sulfuric  acid  8N.  Chill 

700  milliliters  of  reagent  water  in  an 
Erlenmeyer  flask  in  an  ice  bath.  Add 
slowly,  and  with  rapid  stirring,  200  milli¬ 
liters  of  sulfuric  acid.  Mix  thoroughly 
and  store  in  a  glass-stoppered  reagent 
bottle. 

(ill)  Procedure  for  glucose  oxidase 
analysis  of  glucose — (a)  Preparation  of 
deproteinized  supernotes  (.“Somogyi 
filtrates'’).  (I)  Pour  sufiOcient  portions 
of  each  standard  into  clean  cappable 
tubes,  and  return  standard  to  refrigera¬ 
tor.  Bring  all  specimens,  standards  and 
reagent  water  to  room  temperature  by 
placing  in  a  temperature-controlled 
water  bath.  Label  a  sufficient  number 


of  18  X  150  millimeter  cappable  tubes 
to  accomodate: 

Types  of  sample:  Preparation 

Blank  (zero  Prepared  with  benzoic 

concentration  acid  diluent  as  a 
standard).  sample  and  carried 

through  the  proce¬ 
dure  for  photometric 
blanking. 

Working  50,  100,  150,  200,  and 

standards.  250  mg/dl  (2.78,  5.55, 

'  8.33,  11.10  and  13.88 

mM/1,  respectively) 
standards;  If  speci¬ 
mens  up  to  300  mg/dl 
(16.65  mM/1)  are  to 
be  analyzed.  Include 
a  300  mg/dl  working 
standard. 


Two  biologic  Of  appropriate  concen- 

control  tratlon  and  analytl- 

samples.  cal  history. 

Specimens _  Specimens  above  300 

mg/dl  (16.65  mM/1) 
require  dilution  with 
water. 


(2)  Deliver  10.0  milliliters  of  O.lllV 
barium  hydroxide  solution  into  each  tube 
from  the  same  volumetric  transfer  (TD) 
pipet. 

(3)  Prom  a  micropipet,  deliver  1000 
microliters  of  the  first  sample  beneath 
the  surface  of  the  solution  into  its  labeled 
tube,  blow  out  gently,  and  rinse  the  pipet 
completely  twice  with  upper  layer  solu¬ 
tion.  Vortex  the  tube  for  5  seconds. 

(4)  Pipet  10.0  milliliters  of  zinc  sul¬ 
fate  solution  into  the  tube.  Cap  and 
shake  vigorously  (or  vortex  for  5  sec¬ 
onds)  ,  set  aside  and  proceed  to  the  next 
sample.  Proceed  similarly  with  all  sam¬ 
ples.  This  procedure  may  be  conducted 
by  a  reliable  sample  dilutor  meeting  the 
precision  requirements  previously  speci¬ 
fied,  and  with  the  same  precautions  about 
cross-contamination  between  samples 
and  reagents.  A  fixed  volume  dispenser  of 
high  reliability  and  precision  may  be 
used  to  dispense  the  zinc  sulfate  solu¬ 
tion.  If  suitable  precision  is  demon¬ 
strated  in  these  semlautomated  steps, 
aU  of  the  above  voliunes  may  be  scaled 
to  half. 

(5)  After  again  mixing  each  tube  by  a 
short  vortexing,  centrifuge  (or  If  neces¬ 
sary,  transfer  about  12  milliliters  of  the 
mixture  to  a  clean  tube) .  Cap  and  cen¬ 
trifuge  at  approximately  1000  x  gravity 

,  (g)  for  10  minutes.  Two  shorter  cen¬ 
trifugations  may  be  necessary  to  clear 
the  supernatant  solution,  the  first  being 
used  to  wash  down  the  sides  of  the  tube 
above  the  liquid  level.  Bring  the  tubes 
to  room  temperature  in  a  temperature- 
controlled  water  bath  before  measuring 
the  allquants  of  the  supemate. 

(b)  Enzymatic  and  color  reactions.  (1) 
Label  clean  screw-cap  15  x  125  milli¬ 
meter  tubes  for  an  Initial  set  of  blank 
and  standards;  unknown  and  control 
specimens;  and  a  final  set  of  blank  and 
standards. 

(2)  Prom  a  transfer  pipet  deliver  2.00 
milliliters  of  glucose  oxidase  reagent  and 
bring  to  37°  ±0.5*  C  in  a  water  bath. 

(3)  From  a  micropipet  deliver  500  ml- 
croliters  of  each  sample  supemate  into 
its  proper  tube,  rinsing  twice  by  a  com¬ 
plete  filling  with  the  resgent;  blow  out 
the  residual  liquid  each  time.  ITie  tube  is 
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replaced  in  the  37*  C  water  bath  for 
exactly  30  minutes.  The  addition  of  each 
sample  should  be  at  timed  intervals.  e.g., 
30  seconds.  This  procedure  requires  selec¬ 
tion  of  a  set  of  calibrated  pipets  that  are 
verified  to  contain  volumes  that  match 
within  a  tolerance  of  1  microliter  (0.2%) . 
A  sample  dilutor  with  a  demonstrated 
capability  for  this  tolerance  may  be  used 
for  the  steps  set  forth  in  paragraph  (e) 

(2)  (iii)  (b)  (2)  and  (3)  of  this  section. 

{4)  At  the  end  of  its  30-minute  incuba- 
tl<Hi  period,  remove  each  tube  and  im¬ 
mediately  pipet  4.00  milliliters  of  8N  sul¬ 
furic  acid  into  the  tube.  Cap,  mix  vigor¬ 
ously,  and  place  the  tube  in  a  water  bath 
at  room  temperature.  The  color  is  stable 
for  an  hour  after  the  addition  of  sulfuric 
acid,  but  the  samples  are  read  in  their 
original  sequence  to  assure  a  uniform 
reading  time. 

(5)  For  photometrj',  a  single  rectangu¬ 
lar  sample  cuvet  or  flow-through  cuvet  is 
recommended.  Rinse  twice  between  each 
sample  with  aiH>roximately  1  milliliter 
volumes. 


(fi)  With  the  wavelength  set  to  540 
nanometers,  zero  the  photometer  with 
reagent  Water.  Read  absorbance  of  initial 
set  of  blank  and  standards,  then  the 
specimens  and  controls,  and  finally  the 
second  set  of  blank  and  standards.  The 
zero  setting  should  be  checked  periodical¬ 
ly  with  water  to  ascertain  stability.  If 
^ter  setting  to  zero  the  absorbance  read- 
mg  has  drifted  beyond  ±0.001  absorb¬ 
ance.  the  instrument  must  be  rezm>ed 
with  a  fresh  water  sample.  Drift  beymid 
±0.002  absorbance  from  the  initial  set¬ 
ting  represents  unacceptable  photometer 
performance. 

(7)  Refer  to  paragraph  (d)  of  this  sec¬ 
tion  for  data  evaluation  and  computa¬ 
tions. 

(3)  Hexokinase/glucose-6-phosphate 
dehydroaeruLse  iG6PDH)  method  for  the 
determination  of  glucose  in  serum,  plas¬ 
ma.  or  urine. 

(i)  This  Is  a  reaction  completion 
method  based  upon  the  following  reac¬ 
tions: 


HzzoKiNiLSz  REAcnosr 

D-glucose+ATP  (yeast  hezoklnase)  D-glucose-S-pbospbate-f  ADP 


Where: 

ATP=A(lenoeciDe  tiipbo^hate. 
ADP= AdenosclDe  dij^iosphate. 


D-^ucose -6 -phosphate + NAD +- 


06PDH  Resction 
06PDH 


(l>.  meserUeroidet) 

Whore: 

NAD=  Klootlnamlde-adenlne  dinucleotide. 
NADH=Nlcotlnaml(le-adenlne  dlnucleotkle,  reduced. 


S-phosphogluoooo-A-lactoae  NADH 


Due  to  rapid  hydrolysis  of  the  glucono- 
lactone,  the  reaction  sequence  goes  es¬ 
sentially  to  completion.  Utilizing  this 
couided  reaction,  one  mole  of  NAD  is 
reduced  for  each  mole  of  glucose  phoe- 
phorylated.  The  gain  in  absorbance  at 
340  nanometers  by  the  NADH  produced 
is  used  to  quantify  the  assay,  t^ch  Is 
linear  to  a  glucose  concentration  <d 
600/mg/dl  (33.3  mM/1  under  the  con¬ 
ditions  of  the  analysis. 

(11)  Although  other  hexoses  (most  im¬ 
portantly  fructose  and  mannoee)  are 
phosphonrlated  by  hezokinase,  they  are 
normally  present  in  serum  plasma  In 
ne^gible  amounts  In  comparison  with 
glucose.  These  other  hexoee  phosphates 
must  be  isomerized  before  entering  into 
the  second  reaction;  if  the  enzyme  prep¬ 
arations  can  be  kept  free  of  c<mtamlna- 
tion  with  isomerases.  the  reaction  is 
highly  specific. 

(iii)  The  above  reaction  sequence,  or 
the  analogous  coupled  reaction  using 
yeast  dehydrogenase  and  nicotinamide- 
adenine  dinucleotide  phosphate  (NADP) , 
is  frequently  applied  directly  to  samples 
in  a  useful  clinical  method;  however,  for 
the  most  reliable  results,  deprotelniza- 
tion  is  required.  This  procedure  utilizes 
a  Somogyl  (barium-zinc  hydroxide)  de- 
proteinized  supemate  to  which  the  en¬ 
zymatic  reactions  are  applied. 

(tv)  Woilt  on  the  development  of  the 
f  ollowtng  method  was  undertaken  by  the 
Center  for  Disease  Control  in  collabora¬ 
tion  with  the  Subcommittee  for  a  Glu¬ 
cose  Referee  Method  of  the  American 


Association  of  Clinical  Chemists  and  is 
being  prepared  for  joint  publication. 
Coupling  of  these  reactions  was  first  em¬ 
ployed  by  Slein  et  al..  in  an  assay  for 
hexokinase  (Slein,  M.  G.  T.  Coii, 
and  C.  F.  (Toil  Journal  of  Biological 
Chemistry.  186:763.  1850) . 

(T)  Reagents  for  the  hexokinase/ 
G6PDH  method — (a)  Chemical  specifi¬ 
cations.  (1)  Zinc  sulfate,  heptahydrate. 
ACS  specifications  (4th  ed.,  p.  642  *) . 

(2)  Barium  hydroxide,  (xrtahydrate. 
ACS  specifications  (4th  ed.,  p.  100  *) . 

(3)  Magnesium  acetate.  ACS  specifi¬ 
cations  4th  ed.,  p.  329*). 

(4)  Tris(hydn»qrmethyl)aminometh- 
ane  (Tris),  reagent  grade. 

(5)  Tris  hydrochloride.  Reagent  grade, 
grade. 

(£)  Nicotinamide  adenine  dinucleo¬ 
tide,  oxidized  (NAD).  Purity  08  per¬ 
cent  or  better. 

(7)  Adenosine  triphoo^ate  (ATP). 
Purity  of  98  percent  or  better. 

(b)  Enzyme  specifications — (1)  Hexo¬ 
kinase.  The  content  of  contaminants 
should  not  exceed  the  following  limits: 

Percent 

aiuco«e-6-phosphate  dehydrogenase _ 0.  OOi 


Olutathione  redoctase _ _ _ _  .005 

Fbo^boglvioose  Isonkeraae _ _  .  008 

My(^inase _ _  .001 

6-pho^hogluconate  dehydrogenase^.  .001 


One  intomatiatial  unit  (IU>  of  hexo¬ 
kinase  activity  is  defined  as  that  amount 
of  enzyme  which  will  catalyze  the  con- 


*  See  footnote  2,  p.  24142,  supra. 


version  of  one  micromole  of  glucose  per 
minute  at  25*  C.  The  activity  may  be 
determined  by  the  method  of:  (Darrow 
RA.,  and  8P.  Colwlck,  "Methods  in 
Enzymology."  V:226, 1962). 

(2)  Glucose-6-phosphate  dehydroge¬ 
nase  IGSPDH)  (D-glucose-6-phosphate 
NAD  oxidoreductase) .  The  source  of  the 
enzyme  is  Leuconostoc  mesenteroides, 
available  as  suspension  in  ammonium 
sulfate  sdlution  or  as  lyopholized  powder. 
One  lU  of  G6PDH  is  that  amoimt  of  en- 
Z3rme  which  reduces  one  micromole  of 
NAD  per  minute  at  25*  C.  The  activity 
may  be  determined  by  the  method  of: 
(Olive  C.,  and  H.R.  Levy,  Biochemistry, 
6:730, 1971). 

(3)  Reagents  for  protein  precipitation. 
Zinc  SinjrATX  BoLimoN,  22.0  Osams/Litter 

Dissolve  22.0  grams  at  zinc  sulfate  (ZnSO, 

•  THjO)  In  approximately  900  milliliters  of 
freshly  prepared,  (HO^-free,  hot  distilled  water. 
When  the  solution  has  cooled  to  room  tem¬ 
perature,  transfer  to  a  1-liter  volumetric 
flask,  dUute  to  1000  mniUltets  with  00,-free 
watw,  mix  well,  and  transfer  to  a  glass  re¬ 
agent  bottle.  Stopper  tightly. 

Barium  Htdxoxidk  Solution, 
Saturated 

Dissolve  80  grams  of  barium  hydroxide  (Ba 
(OHy-SHjO)  from  a  freshly  opened  bottle 
in  i4>proximately  950  mlUllltets  of  freshly 
prepared  OOj-free,  hot  distilled  water.  When 
the  solution  has  cooled  to  room  temperature, 
transfer  to  a  1-Uter  volumetric  flask,  dilute 
to  1000  milliliters  with  CO,-free  water,  mix 
well,  and  transfer  to  a  storage  botUe  fitted 
with  a  soda-lime  trap  protected  with  a  Miort 
column  of  silica  gel.  The  life  of  the  trap  is 
relatively  short,  and  must  be  replaced  often. 
Allow  the  excess  barium  hydroxide  and  any 
carbonates  to  settle  overnight  bMore  making 
the  dilution  below. 

Barium  Htdroxidb  Solution, 

Approximatelt  0.11  N 

Without  disturbliig  the  precipitate,  trans¬ 
fer  245  milliliters  of  saturated  barium  hy¬ 
droxide  to  a  1-Uter  volumetric  flask.  Dilute 
to  1000  mlUlUters  with  CX>,-free  water.  Ti¬ 
trate  10.0  mllliUters  of  zinc  sulfate  solution 
with  this  dilute  barium  hydroxide  solution  to 
a  faint  pink  endpoint  with  phenol-phthaleln 
indicator  <2  drops  of  0£  percent  indicator  in 
95  percent  ethanol).  The  result  should  be 
such  that  10.0  milliliters  of  sine  sulfate  solu¬ 
tion  require  10D±O.l  milliliters  of  barium  hy¬ 
droxide  solutlmi.  If  this  limit  is  exceeded,  add 
add  either  saturated  hydroxide  or  CO,-free 
water  in  the  appropriate  calculated  quan¬ 
tities  to  the  barium  hydroxide  solution  and 
repeat  the  tttartion.  Transfer  the  adjusted 
barium  hydroxide  solution  to  a  reagent  bot¬ 
tle  fitted  with  a  soda-lime  trap  and  a  syphon 
or  decanting  tube  system.  Each  aaonth  check 
equivalence  of  this  solution  by  titration. 

(4)  Tris  buffer,  0.1M.  pH  7.5  of  25"  C, 
containing  4  mM  magnesium  acetate. 

Tus  HCl  Stock  Solution 

31.52  grams  Tris -hydrochloride,  dissolved 
and  diluted  to  2000  milliliters  wiUi  reagent 
water  in  a  2-Uter  volumatric  flaMr 

Dos  Bask  Stock  SoumoN 

djOe  grams  of  TTis  base,  dissolved  and  di¬ 
luted  to  600  asimuters  wttb  reagent  water 
in  a  600-milUliter  volumetrle  flask.  These 
stock  aolutiona.  If  esnfully  prepared  and 
protected  feom  aoold  contamlnstAnn,  can  be 
stored  at  4*  C  for  sevaral  months. 

Tto-Msaanasimt  Buivn.  pH 

Mix  800  milliliters  of  the  Trts  IKX  S(flu- 
tiou  and  200  mlllflitsrs  of  the  TMs  base  aolu- 
tion  in  a  large  beaker,  and  then  dissolve  1.1 
grams  of  magneelum  acetate  In  the  solution. 
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The  pH  of  the  mixture  Is  determined  at  25” 
C.  If  necessary  *  adjust  with  either  Trls-HCl 
or  Trls  base  solution  to  pH  7.5±0.1.  Filter 
the  solution  through  a  sterile  0.46  micron 
membrane  filter  into  a  sterllzed  borosUlcate 
glass  screw-ci4>  storage  bottle.  If  carefully 
handled,  this  solution  may  be  stored  at  4*  C 
for  up  to  6  months. 

(5)  Enzyme  reagent.  Dissolve  0.7962 
grams  of  NAD.  0.6614  grams  of  ATP  and 
100  lU  each  of  hexoklnase  and  glucosa-6- 
phosphate  dehydrogenase  in  approxi¬ 
mately  500  milliliters  of  Tris-magnesium 
buffer  in  a  1-liter  volumetric  flask.  The 
quantities  of  these  enzymes  to  be  used 
must  be  determined  by  previous  assays 
for  activity  of  the  source  preparations. 
Five  lU  of  each  enzyme  are  employed  per 
test  (in  each  5  milliliters  of  enzyme  re¬ 
agent).  Dilute  to  volume  with  Tris- 
magnesium  buffer  and  mix  thoroughly  by 
gentle  inversion.  Dispense  lOO-miUiliter 
volumes  (100  milliliters  yields  19  tests) 
Into  clean,  dry,  screw-cap  125-mllliliter 
heavy  borosUlcate  glass  bottles  and  store 
at  -20”  C  untU  used.  The  enzyme  solu¬ 
tions  prepared  and  stored  in  this  manner 
are  stable  approximately  6  months.  On 
the  day  of  assay,  remove  the  enzyme 
reagent  from  the  freezer  and  place  in  a 
25*  C  water  bath  for  about  one  hour 
or  untU  eqiiiUbrated  to  25”±1”  C, 

(c)  Tests  of  reagent  adequacy,  il)  Set 
the  photometer  to  zero  absorbance  with 
wat^  as  a  blank.  Read  the  absorbance 
of  the  enzyme  (5  milliliter  enzyme  re¬ 
agent  plus  1000  microliters  water  as 
sample) .  The  reading  should  be  less  than 
0.100  absorbance. 

(2)  The  foUowlng  test  is  applied  for 
verifying  acceptable  enzyme  activity  and 
for  monitoring  reagent  stabUity  over 
time:  A  600  mg/dl  (33.3  mM/1)  aqueous 
glucose  standard  (30.0  millUiters  of  stock 
10  grams/Uter  glucose  standard  dUuted 
with  benzoic  acid  dfluent  to  50  millUiters 
In  a  volumetric  flask)  is  processed  by  the 
complete  procedure.  The  resultant  ab¬ 
sorptivity  shoiUd  Ue  between  1.6  and  1.8 
absorbance,  and  the  absorbance/concen¬ 
tration  slope  at  600  mg/dl  should  be  less 
than  95  percent  of  the  average  slope  ob¬ 
tained  when  using  standards  in  the  0  to 
250  mg/dl  range.  This  reaction  should  be 
complete  within  6  minutes  at  25*  C. 

(d)  Preparation  of  deproteinized  su- 
pemates  C’Somogyi  filtrates”). 

(1)  Pour  sufficient  portions  of  each 
standard  into  clean  caiH>able  tubes,  and 
retiun  standards  to  refrigerator.  Bring 
aU  specimens,  standards,  and  reagent 
water  to  room  temperature  by  placing  in 
a  temperatiure  oontroUed  water  bath. 
Label  a  sufficient  number  of  18  x  150 
millimeter  cappable  tubes  to  accomo¬ 
date: 


Type  of  sample:  Preparation 

Blank  (zero  Prepared  with  benzoic 

concentration  acid  dUuent  as  a 
standard).  sample,  and  carried 

through  the  proce¬ 
dure  for  photometrle 
blanking. 

Working  50,  100,  160,  200,  and 

standards.  250  mg/dl  standards 

(2.78,  6.56,  8.33,  11.10 
and  13.88  mM/1,  re¬ 
spectively).  If  speci¬ 
mens  up  to  300  mg/dl 
(16.65  mM/1)  are  to 
be  analyzed.  Include 
a  300  mg/dl  working 
standard. 


Two  biologic  Of  appropriate  concen- 
control  tratlon  and  analytl- 

samples.  cal  history. 

Specimens _  Specimens  above  300 

mg/dl  (16.66  mM/1) 
require  dilution  with 
water. 


(2)  DeUver  10.0  mUlUiters  of  O.llN 
barium  hjrdroxide  solution  into  each  tube 
from  the  same  volumetric  transfer  (TD) 
pipet. 

(3)  Prom  a  micropipet,  deUver  1000 
microUters  of  the  flmt  sample  beneath 
the  surface  of  the  solution  into  its 
labded  tube,  blow  out  gently,  and  rinse 
tiie  pipet  completely  twice  with  upper 
layer  solution.  Vortex  the  tube  for  5 
seconds. 

(4)  Pipet  10.0  milliliters  of  zinc  sulfate 
solution  into  the  tube.  Cap  and  shake 
vigorously  (or  vortex  for  5  seconds),  set 
aside  and  proceed  to  the  next  sample. 
Proceed  similarly  with  all  samples.  A 
reliable  sample  dilutor  meeting  the  pre¬ 
cision  requirements  previously  specifled 
may  be  used  for  the  above  procediue, 
with  the  same  precautions  about  cross- 
contamination  between  samples  and  re¬ 
agents.  A  flxed  voliune  dispenser  of  high 
reliability  and  precision  may  be  used  to 
dispense  the  zinc  sulfate  solution.  If 
suitable  precision  is  demonstrated  in 
these  semi-automated  steps,  all  of  the 
above  volumes  may  be  scaled  to  half. 

(5)  Again  mix  each  tube  by  a  short  vor- 
texing.  If  necessary,  transfer  about  12 
milliliters  of  the  mixture  to  a  clean  tube, 
cap  and  centrifuge  at  approximately 
1000  X  grams  for  10  minutes.  Two  shorter 
centrifugations  may  be  necessary  to  clear 
the  supernatant  solution,  the  first  being 
used  to  wash  down  the  sides  of  the  tube 
above  the  liquid  level.  Bring  the  tubes  to 
room  temperature  in  a  temperature  con¬ 
trolled  water  bath  before  measuring  the 
aliquants  of  the  supemate. 

(c)  Enzyme  reaction.  (1)  Label  a  set 
of  clean  screw-cap  15  x  125  millimeter 
tubes  for  an  initial  set  of  blank  and  live 
standard  “supemates”;  supemate  of 
each  specimen  and  control;  a  final  set  of 
blank  and  five  standard  “supemates.” 


(2)  To  each  tube,  add  5.0  milliliters, 
of  enzyme  reagent  from  a  single  transfer 
(TD)  pipet  or  from  a  reagent  dispenser 
wiUi  a  demonstrated  precision  of  repeti¬ 
tive  delivery  of  0.2  percent  (1  C.V.) .  Place 
the  tub^  in  a  water  bath  of  25*  ±1*  C. 

(3)  Prom  a  micropipet,  deliver  1000 
microliters  of  each  clear  supemate  be¬ 
neath  the  suilace  of  the  enzyme  reagent 
in  its  proper  tube,  blow  out  gently,  and 
rinse  the  pipet  twice  with  a  complete  Ail¬ 
ing  with  upper  layer  liquid;  blow  out  the 
residual  liquid.  Cap  the  tube,  mix  by 
gentle  inversion,  flve  times,  and  place  in 
the  water  bath  for  10  minutes  at  25* 
±1*  C,  Automatic  pipetting  or  diluting 
devices  capable  of  0.2  percent  precision 
in  repetitive  delivery  may  be  employed 
for  steps  set  forth  in  paragraph  (e)  (3) 
(v)  (e)  (2)  and  (3)  of  this  section,  using 
the  5.0  milliliter  enzyme  reagent  as  the 
fluid  to  flush  out  1000  microliters  of 
supemate. 

(4)  After  10  minutes  of  incubation, 
again  mix  well  by  slow  inversion  and 
perform  the  photometry  within  30  min¬ 
utes  for  all  samples.  Timing  is  not  critical 
but  photometry  is  performed  in  the  serial 
order  of  addition,  so  that  each  sample  is 
read  at  approximately  the  same  time 
interval  from  the  addition  of  sample. 
Transfer  each  sample  to  a  10.0  millimeter 
cuvet.  If  one  cuvet  or  a  flow-through 
cuvet  is  used,  it  is  rinsed  with  several 
1 -milliliter  portions  of  the  solution  to  be 
measmed;  if  matched  cuvets  are  used, 
they  must  be  corrected  for.  any  differ¬ 
ences  in  path-length. 

(5)  With  the  wavelength  set  at  340 
nanometers,  zero  the  photometer  with 
reagent  water.  Read  absorbance  of  the 
initial  set  of  blank  and  standards.  Re¬ 
check  zero  with  reagent  water  after  a 
complete  rinsing  of  the  cuvet.  Read 
specimens  and  controls.  Recheck  zero 
with  reagent  water  and  read  the  final 
set  of  blank  and  standards.  If  absorbance 
reading  drifts  beyond  ±0.001  absorbance 
during  the  measmements,  it  must  be 
checked  more  often  and  the  instrument 
rezeroed  with  reagent  water. 

Interested  persons  may,  on  or  before 
October  28,  1974,  flle  with  the  Hearing 
Clerk,  Pood  and  Drug  Administration, 
Rm.  6-86,  5600  Pishers  Lane,  Rockville, 
MD  20852,  written  comments  (prefera¬ 
bly  in  quhitupllcate)  regarding  this  pro¬ 
posal.  Comments  may  be  acccunpanled  by 
a  memorandum  or  brief  in  support 
thereof.  Received  comments  may  be  seen 
in  the  above  office  during  working  hours, 
Monday  through  Friday. 

Dated;  June  24, 1974. 

A.  M.  Schmidt, 

Commissioner  of  Food  and  Drugs, 

[FR  Doc.74-14703  Filed  6-27-74;8:46  am] 
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